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TO: 102/ Chairman, Aero-Facilities Task Group
FROM: 112/Head, Facilities Study Office

SUBJECT: Facilities Study Office Fina] Report

The Facilities Study Office (FSO) was formed as an organization jn May of
1993 to provide timely development, reviews, and assessments of concepts
and costs associated with the new National Wing Tunne] Complex (NWTQC).
The assessments of the NWTC were required to Support the joint

NASA/ DOD/ Industry Aero Facilities Task Group (AFTG). The FSO was an

(Mobile District). Thjs group formed a core team of dedicated professionals
who developed collated, and assessed the various Options for the NTWC
FSO Charter

1. Provide an independent assessment of the costs (capital costs Operatin






Summary of FSO Activities

Cost and technical assessments of five (5) base concepts were developed.
These were identified as Concept A (the Boeing project as understood by the
FSO personnel), Concept A-Modified, Concept B (the National Consensus
Concept), Concept C, and Concept D. Differentiators between the concepts are
provided in the Final Report (Attachment 3). Options from the base concepts
were also assessed from a cost and technical standpoint. Five (5) concepts that

Other FSO activities were associated with development of the site selection
plans. The proposal for the Offerors, the Site Selection Board Evaluation

.

Preliminary project plans were also developed. The plans included
development of contract statements of work, development of program
funding profiles, and assessment of various acquisition strategies. While no






as a consequence of assumptions for cogt and schedyje assessments. The
Justification fo, the NWTC ang the fécommendations fo, concept selection,
Site selection, acquisition Strategy, and Program/project Management Strategy
are not in thjg Teport since these activities fall under the purview of other
Organizations o COmmittees,

The fina] Teport consists of the foHowing attachments:
Attachment 7. Scription of the Facilities Study Office.
\ 3

De
Attachment 2: A description of the Cost Baseline - Concept D-Option 5. The
description Include

Attachment 4. rief discussion of the results of the two Independent
assessments performed
Attachment e Criteria ang Requirements Document for the cost baseline






Unreso]ved Issues
~=2l€solved Issues

The FSO hés identified the following critica] problem areas that must be
resolved as soon as possible:

Tequired and wi]] influence the NwTtc design. Numeroys other minor
issues are also influenced by the site selection and shoy]q not be ignored.
Site selection must occur prior to the,Preliminary Design Review
(approximately 30% design completion) or significant cost and schedyle
impacts wil] be realized.






Table 1: Summary Resylis for Concept D-Option 5

Parameter

Result

Program Budget Tota]

$3,223,393K (
E’rogram Schedule Duration 9.5 years (From Fyd4 through

Total Complex Staff
(Permanent)

second Quarter of FY2003)
, 200

Ennual Operating Cost

$50,967 K
LSwT $21,496K
TSWT $29471k

LCost Per Polar-

LSWT $752
TSWT $644

Enclosures:

Attachment 1 Facilities Study Office
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Attachment 8 Project Management

Attachment 8.1 Program Management
Attachment 8.2 Proposed Commerce Busi

Distribution:

LaRC ARC

112/K. A. Hessenjus K. W. Mort
289/L. W. McKinney D. Petroff
112/S.D. Joplin D. Engelbert
436/G. W. Ivey F. W. Steinle
442/K. L. Jacobs J. M. Corliss
439/T. J. Quenville

441/]. T. Taylor NASA HO
435/R. W. Wallis W. Stamper
443/H. S. Wright B.]. McGarvey

285/B. B. Gloss

432/B. W. Weathered LeRC
235/S. K. Kahng L.]. Ross
267/D. E. Fuller

443/G. C. Firth

436/FENGD Files

442 /FSO Files (Jacobs)

443/ HSWright:nfd 1/10/94 (46928)
402/K1j¢4, S
436/GWI GWT

J. Y. Parker
T. W. Binion
P. B. Stich
L. W. Keel
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NATIONAL WIND TUNNEL COMPLEX

FACILITIES STUDY OFFICE






ATTACHMENT 1.1
NATIONAL WIND TUNNEL COMPLEX

FACILITIES STUDY OFFICE ACTIVITIES






FACILITIES STUDY QOFFICE

Tunnel Complex (NWTC). The assessments of the NWTC were required to

FSOQ Charter

1. Provide an independent assessment of the costs (capital costs, operating
costs, and life cycle costs) for the Boeing derived wind tunnel complex
(noted herein as Concept A). Note that this is as the FSO understood the
Boeing project status at the project termination.

2. Provide an independent assessment of the technical merit of the Boeing
derived wind tunnel complex.

3. Provide independent assessments of alternative concepts for the NWTC;
cost (capital costs, operating costs, and life cycle costs), schedule, concept
definition, and technical merit (noted herein as Concepts A-Modified, B, C,
and D and their derivative options).

4.  Present the information to the AFTG in a timely manner for concept
selection to Support submission of the selected concept into the FY95
NASA budget.

5. Develop preliminary project planning information for the NWTC Project
Office. .

m iti

The FSO was an inter-agency team. Personnel from NASA (LaRC and ARC),

DoD (Arnold Engineering Development Genter - Civil Servants and Operating ~- -

noted that the Ames personnel continued to perform FSO activities while still
back at Ames.



May-June 1993: Concept A was assessed and found to be lacking technically
and financially. Costs were developed by the FSO for Concept A. A contract
was awarded through the ARC Bentley Engineering contract to Fluidyne
Engineering Corporation to provide a detailed cost breakdown of the Concept A
as it was understood by the A/E's when Boeing terminated their activities. The
FSO and Fluidyne costs wereé compared with the Fluidyne contract team and
significant differences were noted (some were resolved). :

Concept A-Modified was developed by the FSO to correct the technical
deficiencies in the original Boeing concept as assessed against the requirements
that were known at the time.

The AFTG Working Group developed Concept B (more commonly known as the
National Consensus Option). FSO assessed the technical merits and developed
costs for the Concept B and its derivative options.

FSO developed Concept C to provide a lower cost alternative to Concept B while
expanding the capabilities of Concept A and A-Modified. FSO developed costs
for Concept C.

July 1993: The results of the FSO cost and technical assessments as well as
the project management and program planning information and site selection
plans was presented to the AFTG. The AFTG and the AFTG Working Group
developed the Concept D requirements and requested that the FSO develop
technical and cost assessments for this concept.

The preliminary planning for the Non-Advocate Review began. A contract with
Sverdrup Technologies to provide consultant services to the NAR was placed
through the LaRC Sverdrup contract. FSO developed technical and cost
assessments for Concept D and its derivative options.

August 1993: The NAR (or Ad-Hoc Review) was conducted in early August.

. The FSO and Sverdrup personnel compared costs and technical assessments of
Concepts A, A-Modified, and A-Modified Options. The costs were compared and
significant differences were noted (some were resolved). The NAR activity
continued with the cost and technical comparison for Concept D. The NAR
board supported the FSO cost and schedule for the NWTC. The results of the
FSO cost and technical assessments for Concept D as well as the project
management and program planning information were presented to the AFTG.
The AFTG selected Concept D-Option 5 as the preferred option as the NWTC
cost baseline.

September 1993: The NWTC was presented to the Aeronautics and Space
Engineering Board. FSO activities continued for the identification and planning
for the critical studies and the development of the appropriate project planning
documentation.



October - December 1993: FSO activities continued for the identification and
planning for the critical studies and the development of the appropriate project
planning documentation and the project Criteria and Requirements Document.
The final report to the AFTG Chairmen was developed. The FSO was
terminated as a dedicated staff function on December 3, 1993.

A schedule of the FSO activities is provided as Figure 1.



ABLE 1: FACILITIE

Name
NASA - Langley Research Center

Sammie D. Joplin, (Office Head)
Kenneth L. Jacobs, (Deputy Head)
George W. Ivey, Jr., (Chief Engineer)
Earl R. Booth, Jr.

Dennis E. Fuller

Blair B. Gloss

Drew Hagemann (Lockheed)
Carl E. Horne

Pendleton M. Jackson, Jr.

Dr. Seun K. Kahng

Charles C. Laney, Jr.

Henry L. Livas, Jr.

Harry L. Morgan, Jr.

Thomas J. Quenville

Tricia L. Romanowski

John T. Taylor

Robert J. Wallis

George D. Ware (Vigyan)
Brenton W. Weathered

Henry S. Wright

Norma F. Davis, Secretary
Arnold Engineering Development Center
(AEDC)

James Y. Parker, (Deputy Head)
Travis W. Binion, Calspan Corp.
Lowell C. Keel, Calspan Corp..
Philip B. Stich, Calspan Corp.
NASA - Ames Research Center
-.Kenneth W. Mort, (Deputy Head)
James M. Corliss

Lado Muhlstein, Jr.,

Dr. Frank W. Steinle, Jr.

Dan Petroff

Nina Scheller

Terry Lusby

Army Corps of Engineers
Mobile District - Mobile, AL

Paul Parmer

TUDY OFF

Telephone Number

(804) 864-6028
(804) 864-6967
(804) 864-7291
(804) 864-3627
(804) 864-5129
(804) 864-3520
(804) 864-7055
(804) 864-7260

(804) 864-7553
(804) 864-4611
(804) 864-6837
(804) 864-1069
(804) 864-6935
(804) 864-7020
(804) 864-6924
(804) 864-7228
(804) 864-5165
(804) 864-7145
(804) 864-6928

(615) 454-3550
(615) 454-7716
(615) 454-7360
(615) 454-6142

(415) 604-5483
(415) 604-5457
(415) 604-5852
(415) 604-5848
(415) 604-5850
(415) 604-4889
(415) 604-6392

(205) 694-3750

PERSONNEL

Mail Stop

112
442
436
461
. 267
285
356
451

235
236
447
286
439
429
441
435
267
432
443

213-1
213-4
227-4
227-5
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ATTACHMENT 1.2
NATIONAL WIND TUNNEL COMPLEX
FACILITIES STUDY OFFICE

KEYS TO SUCCESss






FACILITIES STUDY OFFICE

KEYS TO SUCCESS

The Facilities Study Office was able to develop in a timely manner a large
amount of documentation concerning the National Wind Tunnel Complex. The
methods that allowed the staff to succeed can be attributed to a few key
elements. -

1. Co-Location of Personnel - This can be considered one of the fundamental
elements of success. All of the FSO personnel were moved to temporary
offices at the start of the office. Personnel remained at the temporary office
until either their function was complete or until the office was disbanded.
Co-location of personnel and removal of all of their other work assignments
allowed personnel to focus on the task. In addition, the synergy that can be
realized by having personnel able to talk at length without the filtering effect
of travel or the telephone provided an atmosphere that allowed good
communications.

that while consensus was desirable, it was not always achieved. The lack
of consensus on al| decisions is not a negative issue, this shows the
willingness of the personnel who were responsible to "stand-up® and accept
the responsibility for their decisions.

4, E[QMSJLSE_QLEMLQMM - The office relied almost solely on
electronic media. The office standardized immediately on the following
applications:

Word Processing - Microsoft Word
Spreadsheets - Microsoft Excel
Presentations - Microsoft Powerpoint
Presentation Graphics - MacDraw Pro
Drafting - AutoCAD »
Scheduling - Microsoft Project



The office used a combination of both PC's and Macintosh computers. The
use of commercially available conversion programs allowed for easy
conversion from the PC format for one of the above applications to the
Macintosh version of the application or vice-versa. The use of electronic
media allowed all personnel to share information. Numerous times,
previous versions were edited to suit the new purpose and thus saved an
inordinate amount of time that would have been required to create a new
file. In addition, all cost data was tracked by the WBS element (to at least
the 4th tier). In this manner, it was possible to shift costs, ratio costs, or
perform whatever operation was required to develop revised cost
estimates. ‘

WMM_QDJ&C&N.&S - From the outset, the FSO had clearly
defined objectives and goals - determine costs for the NWTC concepts. At
times, the requirements were very fluid. This provided for changes or
revisions to the goals, but they were always met. In addition, delivery
schedules and personnel assignments were developed for all of the goals
and objectives. This allowed all office personnel to know very clearly which
items had the priority, the order for them to be worked, and how to assist in
the sharing of the work load. ‘

mmmmgmm&mlﬂﬂﬂmﬂiﬁm - The FSO made great
use of brainstorming and group planning sessions. General meetings were
used to generate ideas, concepts, and methods. The goal was always to
keep the meetings short and focused and allow sufficient time for the ideas
to be brought out and discussed to the required extent without overkill. The
use of action items and small decision groups allowed for a quicker
response to issues and questions.

' r - The FSO was staffed with personnel with
experience ranging from 11 years to 40 years experience. In addition, the
skill mix was varied. The experience included personnel with Wind Tunnel
Operations, Wind Tunnel Design (all disciplines), Aerodynamics, Acoustics,
Project Management, and Contracts/Acquisition experience. The total
experience load for the office for the co-located personnel exceeded 450
man-years of experience, with a staff of 20, this corresponds to an average
experience level of 22.5 years.

A systems engineering approach was attempted to be applied to all
assessments. This means that the ramifications of a change on other
systems/components or on the program as a whole were assessed in
conjunction with the assessment of a particular system or element.

mmmmmmmmﬁm - The FSO personnel
attempted to document all of the fundamental assumptions that were used
in developing cost estimates, technical assessments, Of concept



development. This allow
decisions that were mad
be readily understood.

ed everyone to understand the basis for any
& so that the ramifications of future changes could






ATTACHMENT 2
NATIONAL WIND TUNNEL COMPLEX
COST BASELINE DESCRIPTION

CONCEPT D - OPTION 5






ATTACHMENT 2.1
NATIONAL WIND TUNNEL COMPLEX

COST BASELINE REQUIREMENTS
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Reynolds Number

113 Oct. Band SPL, dB
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Figure 1: LSWT Performance Envelope
(Full Span Model, Reference Length - cbar = 2.19 feet)
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Model Span Determined by .
Assuming it is 80% of the Tunnel Width or Height
Span=0.8x24'=19.2 feet
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Model Span Determined By: -
Assuming Model Span is 80% of Tunnel Width or Height
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1000 SITE AND INFRASTRUCTURE ~
1100 SITE PREPARATION

The baseline New Wind Tunnel Complex conceptual design is assumed to be
located on a "generic” site, as shown on the accompanying sketch. Thatis, one
that has favorable, but not unrealistic, attributes insofar as design, schedule and
cost impacts are concerned. The essential features of the generic site are listed
below:

o The site is reasonably level, has good soil conditions, water table is
below excavated levels (at least 30 ft deep), the excavations can be
sloped 1to 1, the excavated materials are suitable for structural
back-fill and surplus materials can be disposed of locally. No rock
excavation is included.

e The site grade is assumed at elevation 100 {t-0 in AMSL. This will
be the datum for this report.

« The site is near a four lane highway and within 5 miles from a
navigable river or an active railroad spur.

« The local electric utility company will provide two independent 3
phase, 138KV power sources to on-site switchyard termination.

¢ The telephone company will provide the required telephone and data
lines to the site.

« Natural gas supply pipefine is available within one half mile of the
site.

« Potable water supply pipeline is available within one half mile of the
site.

 Sanitary sewage will be discharged into local utility's existing
sanitary sewerage system. Storm drainage systems will discharge
to existing drainage systems after separation and treatment of any
contaminants.

« No site remedial work that may be required to mitigate ‘
environmental concems is assumed, therefore, no allowance is
included for this.
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1110 Investigation

The scope includes site surveys, environmental assessment, noise and vibrations
surveys, geo-technical investigations and soil investigations, soil borings,

1120 Clearing a‘nd Grubbing

Clearing and grubbing of 50 acres of light brush and vegetation is provfded.
1130 Demolition

No demoilition is assumed at the generic site.

1140 Dewatering

No permanent plant de-watering system is required at the generic site.
1200 SITE IMPROVEMENTS

The scope includes all excavation, finished grading, drainage, paving, roads,
parking lots, associated area lighting, and landscaping within the New Wind

1210 Earthwork

Cut and fill of 50,000 cubic yards is provided to take site grade to a uniform 100 ft-
0 in AMSL. Mass excavation of 312,300 cubic yards is provided as preparation

1220 Drainage

Storm drainage system consisting of catch basins, piping and culverts are
provided to collect and direct surface water run-off off-site to a retention pond.
Discharge to existing storm sewer System assumed with collection laterals and
mains from 50 acres figured at 6300 LF.
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1230 Roads and Paving

Using two lane access road (5450 LF) from existing roadway. Site perimeter
roads, parking areas and concrete walkways (15,500 SY) are also provided.
Temporary roads are used during construction.

1240 Railway

No railway connection is included in generic site.

1250 Waterway

Delivery of major equipment modules (100 to 200 tons) to the generic site is
assumed to be by barge. A 200 ft x 50 ft barge unloading wharf is provided, along
with 1,500 LF (10" wide) of river bank shore protection (rip-rap).

1260 Landscaping

Minimal landscaping treatment is provided. Native trees, grasses and shrubs are
preserved, where safety, operability and aesthetic considerations warrant.

1270 Fencing and Gates

Fencing: 3,500 ft around specific equipment locations, single 8 ft high chain link
security fencing and 7,200 ft site perimeter, single 8 ft high chain link security
fence. .

Gates: Pedestrian access gates in various locations for interior fencing and five,
two-way standard truck/car gate (16 ft wide x 8 ft high).

Security: A security system is installed around the outside perimeter of the
perimeter fence.

1300 UTILITY SUPPLY AND DISTRIBUTION SYSTEM
1310 Central Heat Pump System

This WBS has been deleted. The cost of the heating systems aré included with
the cost of the buildings.

1320 Central HVAC Chiller System

This WBS has been deleted. The cost of the HVAC systems are included with the
cost of the buildings.
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1330 Water Supply and Treatment System

Depending upon the site selected, two alternatives have been identified for
providing cooling tower makeup water and potable water.

The first alternative for the cooling tower makeup water is to use a river intake and
treatment system as the water source. The intake structure for this alternative

includes trash-rack and debris screens. A 24 inch Pipe is required to distribute
water from the intake structure to the cooling towers. Two pumps with a maximum

The first alternative for the potable water is to use well water as the source of
potable water. Multiple wells with a basic filtering and clorination treatment

The potable water system piping is estimated to be 5000 feet long.
The anticipated plot size for the tank and Pumps is 6000 square feet,
1340 Sanitary Waste Water Collection and Treatment System

Depending upon the site selected, two alternatives have been identified for
providing sanitary waste. water. collection.and treatment... . . .. ... .

For the generic site, sanitary waste will be collected and transferred to two 200
gpm sewage lift pumps. Waste will be treated by a 20,000 gallon per day
treatment system prior to discharge. Sewage collection piping is estimated to be
4000 feet long.

If the site selected has a regional or local Sewage treatment facility of sufficient
capacity, the sewage will be collected and Pumped to this existing facility for
treatment and discharge.

The anticipated plot size is 2000 square feet.

1350 Natural Gas System

A natural gas Pipeline is assumed to be available within 2,000 feet of the site. For
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the generic site, 2,000 feet of piping is provided from the natural gas pipeline to
the site, along with a pressure reducing station and 4,000 feet of on-site
distribution piping. Once the site selection is finalized, negotiations can proceed
to determine if the natural gas utility company will provide the piping to the site
and will provide the metering and pressure reducing station. Maximum natural gas
demand is 3000 scfm. Projected annual usage is between 100 and 200 mcf.

1360 vard Fire Protection System

Water for fire protection at the generic site will be provided from the cooling tower
basins using both electric motor driven and diesel engine driven pumps. A looped
non-potable fire main will supply water to the buildings for wet pipe and dry pipe
systems. Approximate 20 water hydrants will be installed throughout the site. itis
assumed that mobile fire protection will be provided from local municipal fire
stations.

Two electric motor driven pumps of 2,000 gpm and one diesel engine driven pump
of 2,000 gpm will be required. The fire water main piping is estimated to be 6,000
feet long.

The anticipated plot size is 2000 square feet.
1370 Compressed Air System

A 200 scfm, 90 psi compressed air system will be provided for shop service air
usage throughout the site. Itis estimated that 4,000 feet of distribution piping will
be needed to distribute service air to the various facilities. Individual compressor
modules will also be provided at strategic locations.

1380  Steam System-------- "~

No steam system has been included for the generic site. During preliminary
"and/or final design, engineering analysis will be conducted to determine if the use
of a central steam distribution system is a viable option for heating of the buildings
and for process air heating.

1400 YARD ELECTRICAL POWER SYSTEM

1410 Electrical Equipment

The electrical substation and power distribution system includes the yard
distribution system and related switching, power conditioning, harmonic filtering,
and voltage transforming equipment. Depending upon voltage available from the

electrical utility company, the delivered primary voltage will range from 115kV to
230 kV. For the generic site, 138 kV hs been chosen as the delivered primary
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ductbanks.
Estimated power levels are:

Table 1410.1 NWTC Site Power Requirements

Parameter Requirement
Total connected load 590 MW

Peak demand load 500 MW

Average monthly electrical energy usage | 55 million KWH
Average monthly power factor 95%

Voltage at interconnect with utility 138 kV

company

Voltages at interconnect with site 138 kV and 13.8 kV
Substation network

Short circuit capacity 10,000 MVA
Ramp rate 2 MW per second

The substations will be strategically located in Separate areas to keep the
secondary cable/bus Systems to a minimum, Security lighting and security fences
will be provided. Estimated plot sizes are:

* Main sub_s_tation: 220 feet by 330 feet.

* Transonic Wind Tunnel Substation: 320 feet by 150.

* Low Speed Wind Tunnel Substation: 160 feet by 150 feet.
1420 Electrical Material

Electrical material includes the cable, conduit, and cable tray required for control,
protection, and metering.

1500 OTHER ELECTRICAL SYSTEMS
1510 Lighting Systems

General area lighting, not including security fence lighting
(WBS 1530), is included. Lighting for all outside Support systems requiring 24
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hour maintenance and/or operation will have enhanced illumination levels. In
areas where safety and/or security aré important, the lighting will be supplied by
an uninterruptible power source or will automatically transfer to a diesel powered
generator. The system is estimated to include twelve 100 ft high light towers with
5000 watt flood lights and fed by 4000 feet of direct buried cable with
transformers, panelboards, and switchgealr.

1520 Communications Systems

Telephones and intercoms will be provided throughout the facilities. Inyard and
facility areas where safety, security, O efficiency of the operation may be
improved, remote video/audio capability will be employed.

1530 Security Systems

Security systems including fencing, gates, security lighting, remote operated close
circuit television (CCTV), alarms, and separate security communications will be
provided for the complex. Security lighting will include approximately twenty 3o t
high light towers with 500 watt lights and will be fed from approximately 6,000 feet
of direct buried cable with transformers, panelboards, and switchgear. Security
intrusion alarms will be provided at the main gates and at personnel gates.

1540 Grounding

An electrical grounding system will be provided to meet the National Electric
Code, local codes, and utility company requirements.

1550 Cathodic Protection

A cathodic protection system will be provided to reduce the corrosion of electrical™ "~
components and equipment.

1550 Lightning Protection

A protection system will be provided to protect the electrical equipment from
lightning strikes.

1570 Freeze Protection

Heat tape, heaters, and controls will be provided to prevent freezing of exterior
water filled lines.

1580 Environmental Monitoring (weather)

Although the type of environmental monitoring required has not been defined, a
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cost allowance is included for a station to monitor weather, noise, emissions,
effluents, or similar environmental factors for the generic site.

1590 DC Power for Instrumentation

A DC power supply will be provided for the instrumentation systems.
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2000 BUILDINGS

2100 TEST PREPARATION/CONTROL BUILDINGS

i
2110 Low Speed Wind Tunnel Test Preparation/Contro| Building

General “

The Low Speed Wind Tunnel Test Preparation Building is a massive, éingle story
structure with six cart rooms, and control and computer rooms. There js direct

The control and Computer areas are adjacent to the Low Speed Tunnel Enclosure .
Building. The control room has raised flooring and houses computer-driven
.control and data acquisition systems.

-10-
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Building Construction

The building is a custom-engineered, heavy braced, steel framed structuré with
insulated steel panel siding, overhead and safety lighting. Additional sealing and
insulation are provided to eliminate infiltration of outside air. The foundation isa
reinforced concrete mat with depressions to accommodate the rail and cart
system. Truss roof structure supports roof loads.

imensi

The external size is 355 #t wide x 302 ft long x 90 ft high (above local grade).
Four of the cart rooms measure 87 ft long by 55 ft wide and can accommodate
test carts/test sections measuring 75 ft long by 30 ft wide by 36 ft high. The other
two cart rooms measure 87 ft long by 75 ft wide and can accommodate tunnel
plenums measuring 60 ft high.

HVAC

Heating, ventilation, and air conditioning is provided throughout the building.
HVAC systems will be controlled to provide a slight positive pressure in the
building to eliminate infiltration of unconditioned air.

Fire P i
Protection is provided by automatic dry pipe sprinkler fire suppression system.

There are hose cabinets near main access doors. A fire alarm panel tied to the
fire station is provided. Smoke detectors and pull stations are tied into this panel.

Tunnel Contro/Computer Rooms
The control and‘computer. rodms have raised computer room floors, located next
to the tunnel enclosure. TEMPEST provisions are incorporated into each room.

The control room is 40 ft wide x 40 ft long x 10 ft high. The computer room is 45 ft
wide x 40 ft long x 10 ft high.

Six rooms with raised computer room floors are provided, each room located on
the second level in the perimeter access corridor adjacent to the corresponding
cart room . TEMPEST provisions are incorporated into each of these rooms.

Cart Rooms

Four mode! build-up areas are provided with floor size inside closed doors
sufficient to accomodate model carts and two model build-up areas with floor size

-11-



Cconnection to a roof mounted muffler tower. Over pressure blow-out prbvisions for
each room are Incorporated. Only one of these rooms can utilize the high
Pressure air capability at a time. -

sliding doors across interconnecting bridges.

levator

Two 20 ft x 25 ft hydraulic freight/passenger elevators are provided to service the
mezzanine level of the test preparation bays.

Security

TEMPEST physical and EM| Security is provided in the tunnel and simulation
control rooms, the eight cart room envelopes, and the transfer corridor to the end
of the air lock at the tunnel access Pressure door face. Overhead segmented
doors or sliding doors Provide access for test Carts/test sections ang plenum
sections between the cart rooms and the transfer corridor. Cardkey access and
intrusion alarm Systems for each of the cart rooms and video monitoring of the
transfer corridor is provided.

through a cross-track System running through the center of the building. Al tracks
are heavy-duty (136 Ibs/yd), flat-top crane type. An interconnected underhung
overhead crane System is provided in ali eight cart rooms and in the operating
gallery and most areas of the shop. Crane-moved bridges permit personnel and

-12.-



National Wind Tunnel Complex - Cost Baseline Technical Description
CONCEPTD - OPTIONS Decembet 2, 1993

small cart/dolly access across rail slots in the operating floor ata 112 ft elevation
level which is also the test section floor level in all tunnels, while stairs permit
personnel access across the shuttle car rail pit. Dolly/air bearing access is ‘
gained by driving over the top of one of the two prepositioned shuttle cars to span
the rail pit.

Access for personnel and equipment into the wind tunnels is through the pressure
doors on the access tubes of the tunnel pressure shell. Model and test cart
access into the building at opposite ends is provided by rails through the Model
Shop/Warehouse. The building is configured and sized to accommodate all wind
tunnel design features equipment. Alarge interconnected perimeter corridor is
provided in the building at El 100 and at El 112.

The control and computer areas aré adjacent to the Transonic Tunnel Enclosure
Building. The control room has raised flooring and houses computer-driven
control and data acquisition systems.

The cart rooms provide floor space for a simulated sting mount at the end of the
flush inset rail cart tracks. They also have the capability to pretest an entire test
section with model on its sting oron its external balance mount. Each room is
complete with all necessary calibration equipment for all balances and mounts.
There is a remote test checkout control panel for conducting full pretest
simulation of automated test sequencing located ina TEMPEST protected room
inside each cart room.

The building is @ custom-engineered, heavy braced, steel framed structure with
insulated steel panel siding, overhead and safety lighting. The foundation is @
reinforced concrete mat with depressions to accommodate the rail and cart-- -
system. Truss roof structure supports roof loads.

'D. .

The external size is 340 ft wide x 180 ft long X 65 ft high (above local grade). The
cart rooms measure 80 ft long by 55 ft wide and can accommodate test cartsftest
sections measuring 68 ft long by 30 ft wide by 36 ft high.

HVAC

Heating, ventilation, and air conditioning is provided throughout the building.

Eo E l !o ’

Protection is provided by automatic dry pipe sprinkler fire suppression system.

-13-
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There are hose cabinets near main access doors. A fire alarm Panel tied to the
fire station is provided. Smoke detectors and pull stations are tied into this panel.

Tunnel Control/Computer Rooms

Test Simulation Control/Computer Rooms

Four rooms with raised computer room floors are provided, each room located on
the second level in the perimeter access corridor adjacent to the corresponding
cartroom . TEMPEST provisions are incorporated into each of these rooms.

Cart Rooms

The model build-up areas are provided with floor size inside closed doors
sufficient to accomodate model carts. Work platforms are provided in each room
to provide access to the model cart. TEMPEST security compartmentalization
requirements are incorporated into each of these rooms.

Cranes

An underhanging interlocking bridge crane System consisting of 35 ton hoist/70
ton bridge units is provided. The crane System services the four separate cart

th parking Spaces, model shop and storage warehouse,

Crane trolleys with hanging loads are capable of moving through open vertical

sliding doors across interconnecting bridges.

Elevators

One 20 #t x 25 ft hydraulic freight/passenger elevator is provided to service the
mezzanine level of the test preparation bays.

Security

TEMPEST physical and EM| security is provided in the tunnel and simulation

-14-
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control rooms, the four cart room envelopes, and the transfer corridor to the end
of the air lock at the tunnel access pressure door face. Overhead segmented
doors or sliding doors provide access for test carts/test sections and plenum
sections between the cart rooms and the transfer corridor. Cardkey access and
intrusion alarm systems for each of the cart rooms and video monitoring of the
transfer corridor is provided.

2200 WIND TUNNEL DRIVE BUILDING
2210 LSWT/TSWT Drive Building

This building houses the drive systems for both tunnels including the drive motor
for the Low Speed Wind Tunnel and the drive motors for the Transonic Wind
Tunnel. The building also houses all of the associated variable speed motor
controls, couplings, lubrication, and cooling systems for each drive system.
Cooling ductwork, storagé and maintenance space is provided under each
pedestal. Drive controls, power supply and conditioning system and motor
cooling (air to water heat exchangers) system aré located outdoors adjacent to
drive building.

ildi ructi
Thisis a custom-engineered, heavy braced steel framed structure with insulated
steel panel siding, overhead and safety lighting. The building foundation consists
of a reinforced concrete basemat keyed into the soil strata and a raised pedestal
to support the drive system. Each foundation is isolated from the other. Each

foundation is common to the corresponding isolated compressor foundation to
prevent differential movement between the drive systems and the compressors.

The external size is 125 ft wide x 280 ft long x 60 ft high. The motors are mounted
on raised pedestals.

HVAC

Heating and ventilation is provided for the building.

Eire P i

Protection is provided by automatic dry pipe sprinkier fire suppression system.

There are hose cabinets near main access doors. A fire alarm panel tied to the
fire station is provided. Smoke detectors and pull stations are tied into this panel.

-15-
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QFQHQ§

An overhead bridge crane, 300 ton capacity, services the all of the equipment and
laydown space.

2300 SUPPORT BUILDINGS
2310 Model Shop and Warehouse

The Model Shop is a single story heavy duty structure interconnected with the
Low Speed Wind Tunnel Test Preparation/Control Building and the Transonic

machine shop including a few heavy and light machine tools and assembly areas
for fixing test models and test equipment, air calibration shop, balance calibration
shop, electronics shop, and a vertical stacking test storage warehouse. The
warehouse is accessed from the exterior through a large access door in laydown
area in the shop. There is an internal office tower over the shop area on levels 2,
3, 4 and 5 which has additional floor space for shop and test engineering, photo
lab, medical room, administration, conference rooms, planning rooms, rest rooms
and customer areas.

The shop is split into two working areas and connects with a matching corridor
from the LSWT test prep/control buildings to the TSWT test prep/control building.
This central corridor permits transport of test carts/test sections and/or test
models from either of the tunnels/cart rooms into the shop for setup or rework and

locked pallets are used to store models and test accessories.

The other half of the shop consists of model and test setup/fixturing fabrication
and repair equipment and work areas. Also on this side are the ajr calibration
shop, balance calibration sho » and the electronics shop. An internal office tower
is located next to the elevators between the shop and the test prep/control
building and extends 5 stories high above the ground floor.

Building .

The building is a custom-engineered steel-framed structure with insulated steel
panel siding, overhead and safety lighting, located on a Separate three foot thick,
concrete mat foundation. There is a 30 ft x 60 ft x 10 ft thick isolated foundation in
the balance calibration area, capable of resisting balance loads.

-16 -



" National Wind Tunnel Complex - Cost Baseline Technical Description

CQNCEEI D-OPT IONS December 2, 1993

Dimensions

The building is 302 ft wide x 335 ft long x 65 ft high. The central portion of the
main floor is at El 100. Warehouse contains cubicles of three sizes: 160 - 10 ft x
10ftx 7.5, 114-10ftx5ftx5 ftand 570 - 5ftx5ft x 5ft. The internal office
tower has additional floor space on levels 2, 3, 4 and 5 and offers 28,000 ft2 of
office type space for the other functional areas.

HVAC
Heating, ventilation, and air conditioning is provided throughout the building.
Fire Protection

Protection is provided by automatic dry pipe sprinkler fire suppression system.
There are hose cabinets near main access doors. A fire alarm panel tied to the
fire station is provided. Smoke detectors and pull stations are tied into this panel.

Cranes

There are a number of underhung interconnected bridge cranes with capability of
moving full hanging load throughout high bay shop area to any point inside
connected test prep/control building including through open sliding doors.

Elevators

/

Two 20 ft x 25 ft hydraulic combination personnel and freight/maintenance
elevators are at either end of this building connecting with the Shop/Office/Test
Preparation Buildings. One elevator serves the first 2 floors and the other serves
all 5 floors and roof of building for.maintenance of HVAC units and vertical door- -~
hoist house equipment.

Planni

There is space for numeric control programming and shop planners provided on
the second floor level in the office tower.

These areas are on the upper floors above the shop area.

Photo Laboratory

This area houses photographic development equipment and processes all site
photographic data. There are provisions for TEMPEST shielded and secure

"
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operations and storage.
Air Calibration

This area contains airflow measuring equipment and static thrust facility. The
facility includes exhaust muffier tower on roof. There is an source of high
pressure air at 250 Ib/sec, 3000 psi, and 700 degrees F at point of use plus a
source of vacuum.

Balance Calibration

This area houses equipment for calibrating external and internal balances for site
and has easy access to the cart rooms.

Flutter Calibration

This area houses equipment for calibration of flutter models in portion of support
shop located next to balance and air calibration labs. There is easy access to the
cart rooms of both model/prep buildings.

lectroni h

An electronics shop area is provided to support those needs of the LSWT and
TSWT.

2330 Engineering Office

This two story building provides engineering and administrative offices to partially
serve the personnel supporting the operation of the wind tunnels. The remainder
of the facility office space is located in.the. model shop/warehouse. Included in .
the office area are planning rooms, tele-conference rooms, and customer areas.
Also included in this building is a cafeteria and food kitchen.

ildi i
Thisis a Custom-engineered steel framed structure with insulated steel pane!

siding. The foundation consists of spread footings and grade beams, with a slab
on grade.

Dimensi

The building is 115 ft wide x 115 ft long = 13,225 ft2 per story, 26,450 #2 total,
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HVAC

Heating, ventilation, and air conditioning is provided throughout the building.
Fire Pr i

Protecfion is provided by automatic wet pipe sprinkler fire suppression system.

There are hose cabinets near main access doors. A fire alarm panel tied to the
fire station is provided. Smoke detectors and pull stations are tied into this panel.

2340 Guard House

This building houses security personnel and supports associated security
functions.

ildin n ion

This is a pre-engineered steel building on slab foundation with insulated steel
panel siding.

Dimensions

The guard house is 40 ft wide x 40 ft long x 10 ft high

HVAC

Heating, ventilation, and air conditioning is provided for the building.

Eire Protection

Protection is proQided by' a.ﬁ'tomatic wét pipe sprinklér fire.subpression systerﬁ.
There is a hose cabinet near the main access door. A fire alarm panel tied to the

fire station is provided. Smoke detectors and pull stations are tied into this panel.

2350 Outfitting

This category includes items necessary during activation and operation of the
New Wind Tunnel Facility. These items include vehicles and other equipment,
shop equipment and other hand tools, diagnostic and testing equipment, furniture,
personal computers and software, and telephones and switching equipment.
Machine tools in shop shall include lathes, mills, drill presses, various hand tools,
presses, welding machines and other miscellaneous tools.
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2400 UTILITY BUILDINGS

2410 Wind Tunnel Pressurization/Vacuum System Equipment Building
This building houses the wind tunnel air pressurization and vacuum system
compressors, motors, and associated electrical, control and lubrication
equipment. Cooling System heat exchangers are located in the basement. A
prefabricated modular contro| room is located on the first floor.

ildin nstructi

Dimensiong
The building is 55 ft wide x 390 ft long x 35 ft high above grade with a basement.
HVAC
Heating and ventilation are provided.
ire Pr
A wet pipe sprinkler system is provided. A fire alarm panel tied to the fire station
is provided. Smoke detectors and pull stations are tied into this panel.
2420 Heavy Gas Handling Equipment Building
This item was deleted from this concept.
2430 Heat Pump System Equipment Building
This item was deleted from this concept.
2440 HVAC Chiller System Equipment Building

This item was deleted from this concept.
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2450 Utility Tunnels
Utility tunnels are provided to allow below grade piping and electrical commodities
routing between major facilities such as the two wind tunnels, drive buildings, and
test/assembly building, and the associated support facilities such as the electrical
substations, air pressurization Jvacuum equipments, cooling towers, etc.

imension

The tunnels are 10 ft high x 15 ft wide, 6,300 ft long configured to fit site with
looped mains and laterals.

HVAC
Heating is not provided. Natural ventilation will be provided.

nstructi
Construction is one foot thick, reinforced concrete, with maintenance lighting.
2460 Other Minor Buildings

r r Bl

This is a pre-engineered steel building with insulated steel panel siding and
overhead and safety lighting. Foundation consists of reinforced concrete slab on

grade with thickened areas under walls and columns. The building is 40 ft wide x
50 ft long x 15 ft high. Heating and ventilation aré provided.
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3000 AUXILIARY PROCESS SYSTEMS

3100 TEST MODEL AND CART TRANSPORT

3110 Low Speed/Transonic Wind Tunnel Shuttle Carts

The Preparation Hall Shuttle Cart for the LSWT has been moved to WBS 4580.
The Preparation Hall Shuttle Cart for the TSWT has been moved to WBS 5540.
3120 Test Cart/Section Elevators

This element has been moved to 3110,

3200 WIND TUNNEL PRESSURIZATION/VACUUM SYSTEM

The wind tunnel pressurizationvacuum system is a multi-purpose grouping of
Systems that support all operations associated with the LSWT and the TSWT.
The system is an energy efficient interconnected system that allows for multi-
tasking of components in order to reduce the overall complexity of the system
while meeting the productivity requirements. The system is composed of three
primary subsystems: (1) the tunnel/plenum pressurization system, (2) the model
propulsion air system, and (3] the tunnel/plenum vacuum system. The
performance and productivity requirements for these subsystems are listed below.

The Tunnel/Plenum pressurization system is used to rapidly pressurize the tunne|
shell to 5 atmospheres. In addition, the system is used to pressurize the plenum
to 5 atmospheres after a model| change has been accomplished. The low
pressure air system is also used for one of the model propulsion simulations. The
performance requirements for this systemare:... .. .
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Table 3200.1 Low Pressure Air System Operational Requirements
item | Requirement

1. provide sufficient flow and storage capacity to simultaneously
pressurize the LSWT shell or the TSWT shell from 1
atmosphere t0 5 atmospheres within 40 minutes (at a rate of
0.1 atmospheres per minute).

2. provide sufficient flow and storage capacity to pressurize the
plenum from ambient pressure to 5 atmospheres within 60
seconds, with an average test section entry frequency of three
times per hour for each tunnel (6 times per hour). The system
is composed of a 300 psig high volume flow compressofr
system with an air dryer, filtration, and 300 psig storage
vessels. : 4

3. provide sufficient flow and storage capacity to provide the High
Speed Civil Transport Nozzle Requirements - total flow of 80
Ibm per second ata delivered pressure of 150 psia fora
continuous time.

The model! propulsion air system is used to provide high pressure air to simulate
the propulsive thrust of a jet engine. The requirements vary from unheated air to
heated air. The model simulations include Turbine Powered Simulators (TPS)
and Ultra-High Bypass Propulsion Simulators (UPS). The performance
requirements for this system are:

Table 3200.2 High Pressure Air System Operational Requirements
tem | Requirement

1. Provide sufficient flow and storage capacity to meet the TPS
requirements - 35 pounds per second of air at a delivered
pressure of 3000 psig and temperature of 400°F for a
continuous flowrate. "

2. Provide sufficient flow and storage capacity to meet the UPS
requirements - 30 pounds per second of air at a delivered
pressure of 300 psig and temperature of 400°F for a continuous
flowrate.

3. The model propulsion system should consider a nominal
storage pressure in the range of 4500 psig. (higher pressures
to be compatible with the available range of 2500 # class
components may be considered).

The model propulsion air system is described in this category only for the
compressors, high pressure air dryer, and high pressureé air storage. All
distribution piping, valves, and model propulsion air heaters are described in
WBS element 3620.
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The vacuum system is composed of two separate elements. The first category is
to provide for rapid evacuation of the tunnel and plenum to a low pressure. This

is used to reduce the tunnel pressure. The final reduction in pressure and also
the vacuum control (i. e., trimming) is accomplished by dedicated low flow vacuum
pumps. The vacuum requirements are:

Table 3000.3 Vacuum System Operational Requirements
item | Requirement :
1. Provide sufficient flow and capacity to evacuate the LSWT

shell to 0.07 atmospheres (1 psia) in 40 minutes.

2. Provide sufficient flow and capacity to evacuate the LSWT
shell to 0.07 atmospheres (1 psia) in 40 minutes.

3. Provide sufficient flow and capacity to evacuate the TSWT

shell to 0.25 atmospheres (3.7 psia) in 30 minutes, or to 0.5
atmospheres (7.35 psia) in 20 minutes.

4, Provide sufficient flow and capacity to evacuate the plenum in
either the TSWT or the LSWT to the pressure levels specified
in 3 to 5 minutes.

5. Provide capability of tunnel pressure trim (i. e., low flow).

These systems include electric motors and controls, heaters, filters, dryers,
storage tanks, as well as piping and valves from the central system throughout the
individual wind tunnel subsystems.

Plot size-Unknown at this time.

3210 Compressors

The pressurization System is configured as a two pressure level system with
‘compression and storage capacity at each level. The low pressure system will

In order to meet the pressurization requirements for the tunnel shells, sufficient
storage could not be economically provided. Therefore, the pressurization rate

tunnel pressurization requirements result in a total flow rate requirement of 460
pounds per second. This flow rate is provided by five, three-stage centrifugal flow
compressors operating in parailel, each capable of producing 92 pounds per
second. Each compressor utilizes inter-stage cooling to improve efficiency and to
reduce the overall thermal loading on the machinery. An aftercooler is also
provided for each compressor. The system includes the inlet air filter, and all
associated valving for isolation as well as for the pressure control, pressure
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bypass, and inter-stage unloading. The compressor train is terminated by 2
separator to remove the entrained liquid water prior to entering the distribution
system to the coalescing filters and dryer package. The overall motor
requirement for each compressor is approximately 25,000 horsepower. The motor
is a totally enclosed water cooled motor. An air to water heat exchanger with
blowers is provided with the motor to remove the heat associated with the motor
inefficiencies. The system includes the motor, the motor starter, and the
associated switchgear. Al controls and interlocks for a complete system are
included. The lubrication system, shaft bearings, pedestal bearings, shaft
couplings are also included. It is unknown at this time if a reduction gear will be
required. However, it a reduction gear is required, then it will be provided with the
compressor by the manufacturer.

The model propulsion air requirements are met by a combination of stored air and
on-line compressor capability. Dueto the frequency of the proposed test
program, sufficient air storage t0 meet the test demands and keep a small
compressor system could not be economically provided. Therefore, the flow rate
will be provided by & combination of stored air and continuous direct pumping
from the high pressure compressor plant. The high pressure air requirements are
such that a compressor rate of 140 pounds per second is sufficient to meet the
specified demand. The demand will be met with two compressors operating in
parallel, each capable of 70 pounds per second. The high pressuré compressors
will utilize the low pressure compressors as a preliminary staging device. In other
words, to provide the model propulsion air required, two of the low pressure
compressors are required to be on-line and pumping to feed the high pressure .
compressors. The high pressure compressors are a combination of centrifugal
low stages and axial high pressure stages, for a total of three stages. Each
compressor utilizes inter-stage cooling to improve efficiency and to reduce the
overall thermal loading on the machinery. An aftercooler is also provided. The
system includes all associated valving for isolation as well as for the pressure ==
control, pressure bypass, and for inter-stage unloading. The compressor train is
terminated at the discharge flange of the aftercooler. A high pressure air dryer is
used to provide a dew point of -60°F at the system design pressureé of 4500 psig.
The air is then pumped into the high pressure distribution and storage network.
The overall motor requirement for each compressor is approximately 25,000
horsepower. The motor is a totally enclosed water cooled motor. An air to water
heat exchanger with blowers is provided with the motor to remove the heat
associated with the motor inefficiencies. The system includes the motor, the
motor starter, and the associated switchgear. All controls and interlocks for a
complete system are included. The lubrication system, shaft bearings, pedestal
bearings, shaft couplings are also included.

The compressor system is designed to supply on demand and participate in
facility load leveling and main drive system soft start intelligent control.
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Significant Interfaces: The low préssure compressor system interfaces are:

(1) WBS 1400 by the electrical power connections to the switchgear, (2) WBS
7200 for controls and instrumentation, (3) WBS 3250 for the air system
connections which are at the upstream flange of the suction isolation valve, at the
manifold discharge valve for the inter-stage pressure relief valves and inter-stage
unloading valves, and the downstream flange of the Separator isolation valve, (4)
WBS 2410 at the foundation, anchor bolt point for the foundations for the
compressors, (5) and at the flange connections at the main cooling water
distribution header where the cooling water is piped to the individual
compressors. The high pressure compressor system interfaces are: (1) WBS
1400 by the electrical power connections to the switchgear, (2) WBS 7200 for
controls and instrumentation, (3) WBS 3250 for the air system connections which
are at the upstream flange of the suction isolation valve, at the manifold discharge
valve for the inter-stage pressure relief valves and inter-stage unloading valves,
and the downstream flange of the compressor discharge isolation valve, (4) WBS
2410 at the foundation, anchor bolt point for the foundations for the compressors,
(5) and at the flange connections at the main cooling water distribution header
where the cooling water is piped to the individual compressors.

3220 Heaters and Coolers

The local plenum air heater System is a 4 MW electric resistance type air heater.
The purpose of this system is to ensure the plenum air is at the tunnel
temperature so that orice tunnel flow is re-established, there is not a bubble of
cold air being pushed around the circuit. The system includes the air heater, the
SCR controller, the local power panel and interconnecting wiring, and the air

. The plenum air heating system interfaces are (similar both
LSWT and TSWT): (1) WBS 3290 and 32B0 - at two flanges in the 300 psig
tunnel/plenum pressurization line where the line branches to the heating system
or to the plenum entry and where the heated air is reintroduced, (2) WBS 4100
and 5100 - foundations for the mounting of the heaters to the Acoustic Enclosure
foundation, (3) WBS XxXX - the LSWT or the TSWT power system (most likely at
a 480 VAC power panel), (4) WBS 7200 for the instrumentation and controls, and
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(5) WBS 3250 - discharge to the local vent system which is used for venting to
atmosphere during preheat evolutions.

3230 Drier Systems

An automatic air drying system is provided to remove the moisture in the air
stream and provide a ~60°F dew point at 300 psig. This system is located
downstream of the 300 psig compressor system and upstream of the 5 micron
filters and high pressure compressors. The drying system is five parallel dryers to
provide a degree of redundancy as well as to keep the system size reasonable.
Each dryer is dedicated to a specific low pressure air compressor.

Moisture separation is accomplished using set of vane separators/mist eliminators
that are used to remove the bulk of the condensed liquid carried over from the
aftercooler. In addition, a bank of five coalescing filters is provided in order to
remove the last traces of entrained liquid water and any oil vapors.

The dryers are designed to remove water vapor from the air stream.. Each air
drier package consists of two desiccant filled dryer towers and associated
regeneration heater, blower, and valving and back pressure regulator which
prevents inadvertent rapid blowdown of the dryers and damage or carryover of the
desiccant. The dryers use an automatic regeneration circuit to minimize operator
requirements. The regeneration circuit is accomplished using a natural gas fired
burner with an air blower passing ambient air through the heat exchanger. The
heated air is passed through the reactivating dryer tower and discharged to
atmosphere. All controls, valving, support structure, etc. necessary for the dryer
are considered as part of this element. The backpressure regulator while it is part
of the overall dryer package, the physical location of the installation will be
accomplished by others in the field. :
The high pressure air dryer system is similar to the 300 psig dryer system. Two
air dryers are provided downstream of the high pressure air COmpressors. The
high pressure air dryers will provide a dew point of -60°F at 4500 psig. Each air
drier package consists of two desiccant filled dryer towers and associated
regeneration heater, blower, and valving and back pressure regulator which
prevents inadvertent rapid blowdown of the dryers and damage or carryover of the
desiccant. The dryers use an automatic regeneration circuit to minimize operator
requirements. The regeneration circuit is accomplished using a natural gas fired
burner with an air blower passing ambient air through the heat exchanger. The
heated air is passed through the reactivating dryer tower and discharged to
atmosphere. All controls, valving, support structure, etc. necessary for the dryer
are considered as part of this element. The backpressure regulator while it is part
of the overall dryer package, the physical location of the installation will be
accomplished by others in the field.
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ignificant interf : The air dryer interfaces are: (1) WBS 3250 - at the inlet
and outlet flanges of the dryers, (2) WBS 3620 - at the discharge flange of the
discharge isolation valve of each high pressure dryer package, (3) WBS 1350 - at
the building 5 foot line where the natural gas enters the facility, (4) service air
multiple uses, (5) WBS XXXX - power from a local 480 VAC power panel in the
vicinity to be used for powering the blowers and the electrically operated motor
valves, (6) WBS 7200 - instrumentation output, and (7) WBS 8000 - permits for
the discharge of the combustion products. :

3240 Filters

instrumentation monitoring, (3) WBS 2410 - foundations for the filter housings and
valves, and (4) 3620 High pressure air system.
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3250 Distribution

The distribution system is a complicated network of piping and valving to provide
the compressed services and vacuum services to all of the users. Note that the
cooling water and associated components and the 4500 psig model propulsion air
distribution systems areé provided in other WBS elements. Providing the services
to the end users requires an integrated plan to minimize the lengths of pipes, and
to minimize the number of valves in the system. A centralized valve position
monitoring and control system will be incorporated in order to ascertain the
system configuration at any time. The distribution system includes the piping,
fittings, valves, gages, supports, and all installation and testing elements:
associated with the system. Note that the monitoring and control instrumentation
is provided in WBS 7200. Tabulated below are the services provided, the
approximate lengths of pipe, the design conditions, and the sizes of the lines.

mﬁ_.gam_umgd_aﬁi The distribution system interfaces with most of the auxiliary
process components. The significant components are: (1) wBS 3210 -
compressors, typically at the compressor input/discharge flanges, (2) WBS 3230 -
dryers, at the input/discharge flanges, (3) WBS 3220 - at the heater system
inlet/discharge flanges, (4) WBS XXXX - power for electric motors on valves, and
(5) WBS 7200 - control and instrumentation.
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Table 3250.1 Low Pressure Air Distribution System Table
Pressur ' | 0.D. | Wall Thk
| Service e (psia) Length (ft) (in) (sch/in)
300 Psig compressor suction 0-80 | 2500 -LSwT 60 1/2
from the tunnel connections up add'tl 1500 -
to the compressor inlet, TSWT
including the inlet filter (460
| pps) ’
LSWT and TSWT tunnel and 0-80 |[200 pertunnel | g0 1/2
plenum vents to mufflers (max of :
| 2500 pps)
Vacuum Pump suction from the 0-80 2500 -LSWT 30 1/2
tunnel shell Penetrations to the add'tl 1500 -
pPump inlet (max of 4 pps, or TSWT
| 50,000 SCFM)
Vacuum PUmp outlet to vent 25 100 10 Sch 40
| muffler
300 Psi distribution System to 350 1500 (total) 24 3/8
the: dryer inlet, from the dryer
to the filters, from the filters to
the storage, ang from storage to
HP compressors (460 pps)
300 psi distribution to the 350 2500 - LSWT 36 12
LSwr, TSWT, and Model Prep. add'tl 1500 -
Bldg. (max of 460 pps) TSWT
add'tl 1000 -
Model Prep

3260 Storage Tanks

All the necessary isolation valves and overpressure
protection are provided in WBS element 3250 ang 3620. All instrumentation is
provided under WBS 7200.

The vacuum storage is used to help ensure a ready supply of vacuym to aid in
rapid evacuation of the LSWT and TSWT plenums during sub-atmospheric
testing, as well as for other vacuum requirements. The vacuum storage is two 40
foot diameter spherical pressure vessels. The vessels include the necessary
Support structure ang appropriate manways and al| Penetrations for
instrumentation, etc.
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required stored volume of air with the required driving potential to allow for rapid
recovery of the plenum for each tunnel. The 300 psig air storage system is eight
40 foot diameter spherical pressureé vessels. The vessels include the necessary
support structure, appropriate manways and all penetrations for instrumentation,
etc. Eachvesselhasa storage capacity of approximately 33,500 ft3, for a total
storage capacity of 268,000 ft3.

The 4500 psig storagé is used to store the model propulsion air to meet the
specified flow and duration requirements. The storage field is composed of 16
inch diameter cylindrical vessels of varying lengths (average length is 30 feet).
The total storage capacity of the 4500 psig storageé field is 7000 ft3. Provisions
will be provided to allow for future expansion to at least 20,000 {t*.

Significant interfaces: The storage system interfaces are: (1) WBS 3250 -
distribution system at the flange connection where the supply/discharge manifolds
connect to the distribution system, (2) foundations under WBS XXXX, and (3)
wBS 7200 - instrumentation and control.

3270 Muffler Towers

Mufflers are used to attenuate noise generated by the emission of high pressure
compressed gases. Each tunnel shell and plenum vent is routed to a muffler.
Each compressor system has the inter-stage unloading valves and pressure relief
valves routed to a muffler. The model preparation building propulsion air test
facility will also require a muftler. in addition, the vent for each storage field will
be routed to a muffler. A total of nine distributed mufflers and support towers are
provided on site to exhaust pressurized air directly from each wind tunnel near the
test section/air lock. One muffler tower is associated with the air calibration lab
exhaust and one over each of the 2 specially equipped cart rooms in the

LSWT/TSWT test prep/control building. The muffler system includes the mufflers~-- -

and the support structure, including ladders, grating etc.

Wnummm The muffler tower interfaces are at the distribution piping
connections to the muffler inlet flanges and from the attachment of the support
structure to the foundations.

3280 vacuum System

The vacuum system provides the capability of pressuré trim during sub-
atmospheric testing. In addition, the vacuum system provides a means of
supplying a low flow vacuum capability wherever it may be required. The vacuum
system consists of two trains of twin lobe Roots blowers, 50% capacity each, with
a total rated capacity of 50,000 SCFM and 2,000 hp, and two storage vessels
(see WBS 3260). Each Roots blower train will have two stages, with intercoolers
and after coolers. The vacuum system also includes the motor starter, switchgear
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(if required), all necessary instrumentation, lube oil System, and the cooling
System from the vacuum Pump and heat exchangers back to the cooling tower
distribution header connection.

3300 HEAVY GAS PROCESSING SYSTEM
DELETED.
3400 COOLING SYSTEM

3410 Cooling Towers

duty is 1,800 x 108 BTUMr. The cooling tower is sized based on a total flow rate

chemical treatment methods to control the growth of algae, etc. The tower will
utilize makeup water to account for evaporative and windage losses. The makeup
Capacity requirements are approximately 3% of the total flow or 11,000 gpm.
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3420 Cooling Water Circulation Pumps

The cooling water circulation system has a required capacity of approximately
300,000 gpm. The pumping system is composed of the pumps and all associated
suction and discharge valves, and instrumentation. The pump system is
composed of five pumps each rated for 65,000 gpm (this provides one installed
spare pump), 100' Total Dynamic Head for each pump, motor size of 2200 hp, and
rotating at 500 RPM. The pumps are horizontal centrifugal pumps. This system
also includes the pump motor starters and the associated switchgear...

M&amﬁﬂam The cooling water circulation water pump interfaces are:
(1) WBS 3440 cooling water distribution piping, (2) WBS 1400 power for the
pumps, (3) WBS 7200 instrumentation and controls, and (4) WBS 8000 permits
for discharge of waste water.

3430 Miscellaneous Equipment

The miscellaneous equipment includes primarily the ancillary components
required for the systems. ltems such as the screens at cooling tower basin and
the chemical addition system aré included here.

mmﬂgﬁam The miscellaneous equipment interfaces are primarily
associated with the other elements of the cooling system and are not discussed
here.

3440 Distribution Sys-tem

The distribution system includes all piping, mains, |aterals, valves, fittings, gages,
trenching etc. for routing the cooling water up to the associated facilities. The
termination points of the distribution system are considered to be inside the-—
facilities where headers are divided to feed the individual components. At those
points, the system is considered to be part of the individual component. The
“distribution piping that is larger than 36 inch diameter will be reinforced concrete
piping. All cooling water piping 36 inch and smaller will be carbon steel piping.
Where possible, the cooling water piping will utilize utility tunnels. However, the
76 inch and 90 inch concrete piping will be direct buried and not routed through
the utility tunnels, primarily because of the sizes of the lines and the impact on the
utility tunnels. The distribution system is shown in the table below. Shown aré
the pressures, flows, lengths, and line sizes of the main cooling water
supply/return systems.

Significant interfaces: The cooling water distribution system interfaces are similar
to the compressed gas system interfaces in that they are connected to a number
of ditferent components. The notable components/systems are: (1) WBS 4440
LSWT heat exchanger, (2) WBS 5440 TSWT heat exchanger, (3) WBS 3210 all
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of the auxiliary compressors, and (4) WBS 3410 and 3420 cooling tower and
cooling pumps. '

Table 3440.1 Cooling Water Distribution System

Flow Length | 0.D. Wall

Service (gpm) (ft) (in) Thk
. (in)

Cooling water supply/return from 300,000 1500 80 8
tower to Main lateral (concrete pipe)
Cooling water supply/return from 60,000 1500 36 1/2
main lateral to LSWT (steel pipe)
Cooling water supply/return from 160,000 1500 76 7
main lateral to TSWT (concrete pipe)
Cooling water supply/return from 80,000 1500 36 1/2
main to Wind Tunne| Press./NVacuum
Building (steel pipe)

3500 TSWT-DRIVE SYSTEM
This has been transferred to WBS 5700.
3600 MISCELLANEOUS SUPPORT SYSTEMS

3610 Tunnel Cleaning System

all flow conditioning elements, heat exchangers, and turning vanes. .

A third heating system has been provided for the Open Jet Test Cart for the HSCT
Nozzle testing.
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The TPS and UPS heating system at the LSWT serves LSWT and the adjacent
test cell (cart room) as well as the air calibration laboratory. The TPS and UPS
heating system at the TSWT serves the TSWT and the adjacent test cell (cart
room). Each heating system is used for the model propulsion air system heating.
Each system is capable of providing sufficient energy to continuously heat 40
pounds per second of air from 60°F to 500°F. Each heating system is a gas fired
indirect heat exchanger. The products of combustion are used to heat the model
propulsion air as it passes through 2 series of stainless steel tubes. The products
of combustion are ducted to the environment. Appropriate methods of meeting
the air quality standards for the locality will be incorporated into each heating
system. By using an indirect fired heat exchanger, the air system is not
contaminated with the combustion products, as well as the system can be
operated indefinitely. The system includes the heat exchanger, a pressure control
valve, a bypass control valve for air temperature control, the gas burner, the
exhaust system up 1o the discharge to atmosphere, and the gas supply system
from the building 5 foot line up to the burner. Each heating system has a
dedicated distribution system to the end users.

The HSCT heating system is a vitiated heating system that is mounted to the open
jet test section cart. This system uses a burner fueled by natural gas and an
attenuation device to reduce the noise of the combustion process. The burner is
mounted onto the Open Jet Test Section cart. Therefore, air and natural gas areé
required to be connected to the cart with mechanical joints. This type of testing
occurs infrequently. Therefore, only one burner and sound suppression system
has been provided. This system is modular and can be built up in the Open Jet
Test Section Cart Room and verified prior to mounting it to the cart. The lines will
all be required to be either internally insulated or fabricated from a high
temperature alloy steel such as Haynes 230 alloy.

Table 3620.1 High Pressure Air Distribution System

Pressure 0.D. | Wall Thk
‘Service (psia) Length (ft) (in) | (schiin

4500 psig distribution from 5000 300 10 1.3
compressor output to high

pressure storage (140 pps)
4500 psig distribution from 5000 2500 10 1.3
storage to LSWT plenum,
TSWT plenum, Model prep.
bldg. and Air Heaters (max of
140 pps)

4500 psig distribution from 5000 200 10 1.5
storage to LSWT or TSWT Air
Heaters to LSWT or TSWT
plenums (max of 50 pps)

-35-



" National Wind Tunnel Complex - Cost Baseline Technical Description
CONCEPTD - OPTION 5 ecembe 993

Significant interfaces: The model propulsion air heating system interfaces are:
(1) WBS 3250 - the flange at the high pressure air distribution line where it either
enters the air heating area or continues on to the end users, (2) WBS 3250 - the
flange at the heated air distribution outlet at the building 5 foot line to the
dedicated heated air distribution system, (3) WBS 1350 - the building 5 foot line
where the natural gas supply enters the building, (4) WBS 2460 - the foundation
for the air heaters, (Other Minor Buildings), (5) WBS 7200 - controls and
instrumentation, (externally supplied temperature setpoint), (6) WBS 8000 -
permits for the discharge of the combustion products.

3630 Compressor Blade Handling System

The compressor blade handling system has been transferred to WBS elements
4700 and 5700.

3700 SCAVENGING AND FIRE SUPERVISION SYSTEMS
3710 Combustion Gas Scavenging Systems

DELETED.

3720 Tunnel Fire Suppression System

DELETED BECAUSE 3710 DELET ED.

3800 AUXILIARY ELECTRICAL, CONTROL SYSTEMS AND DATA
ACQUISITION

3810 Electrical Equipment

'centers; 480 volt motor control Centers, power distribution panels; DC system
equipment with batteries, chargers, distribution panels, and motor control; and the
Uninterruptible Power System (UPS) with batteries, inverters, switching, and
distribution panels. This WBS also includes the wiring and cable tray conduit
systems for connection of the electrical equipment,

3820 Electrical Materials

Included with WBS 3810.
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3830 Control Systems

This element has been transferred to WBS element 7000.

3840 Data Acquisition and Processing Systems

This element has been transferred to WBS element 7000.

3900 AUXILIARY TEST AND VALIDATION

3910 Test and Validation

The Auxiliary Process Systems sub-systems will be tested to demonstrate
performance t0 specified levels. The work associated with shop tests is included
with individual work packages. Once installed, subsystem checkouts and
integrated system tests will be performed to verify performance parameters. Test
and validation hardware is provided in wBS 7000.

3920 Calibration

Components and sub-systems will be calibrated. Calibration hardware is
provided in WBS 7000.

3A00 PRODUCTIVITY PROVISIONS

Since production is critical to this facility, duplicate components are required in
critical areas so downtime to the facility can be minimized. Any component which
has a significant probability of failure, which is critical to the Auxiliary Process
System operation, needs to be in stock at the facility or available from a supplier,
ready for immediate delivery.- -
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4000 LOW SPEED WIND TUNNEL (LSWT)
4100 LSWT ENCLOSURE
4110 LSWT Enclosure Foundation

The LSWT enclosure and pressuré shell, exclusive of the tunnel compressor
section, are supported on a common foundation. The foundation consists ofa
reinforced concrete basemat with embedded plates and bolts to facilitate the
attachment of acoustic enclosure steel and pressure shell supports and anchors.
The basemat is eight feet thick, with plan dimensions of 625 ft x 270 1t. ltisa
stepped design, varying from grade level to 38 feet below grade. The compressor
section is supported on a foundation common with the drive system, but isolated
from the rest of the tunnel circuit.

4120 LSWT Enclosure

The building surrounding the tunnel pressure shell serves two main purposes: (1)
To reduce sound emanating from the LSWT to acceptable levels on site and at
the site boundary, and (2) To provide a more stable controlled environment for the
tunnel shell since operating conditions and hence test results would be
compromised. The building consists of a stee! frame structure with metal siding
and roofing measuring 625 ft x 270 ft x 110 ft high. It includes personnel
doorways and large access doors as required for wind tunnel internal component
removal. Four overhead bridge cranes, 300 ton capacity each, services the
tunnel circuit, equipment and laydown space.

4130 Acoustic Insulation

Acoustic insulation lines the inner surfaces of the walls and roof and has been
included in construction of the acoustic enclosure.

4140 Electrical Services

Basic building services including high bay lighting, and convenience and special
purpose outlets that are located at multiple locations within the building. Data,
communication, and fire alarm services are provided.

4150 Mechanical Services

Fire protection provided by mobile equipment. Hose cabinets included by main

access doors. Service air outlets are located at multiple locations within the
building. Heating and exhaust fans are provided.
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4200 LSWT PRESSURE SHELL

This WBS item includes all Components of the outer pressure containing shell of
the LSWT, with the exception of the following:

* The LSWT Preséure Isolation System - included in WBS 4300.
* The LSWT Rolling Plenum - included in WBS 4500, -
* The LSWT Compressor Section Shell - included in WBS 4700.

This item also includes the shell foundation, Support structure, all tunnel shell
penetrations, and external stiffening rings.

4210 LSWT Support Foundation

The LSWT pressure shell, exclusive of the tunnel compressor section, is
Supported on a common foundation. The foundation consists of a reinforced
concrete basemat with embedded plates and bolts to facilitate the attachment of

4220 LSWT Support Structure

The pressure vessel is Supported above the foundation plates by column and
Ccross braces with flex joints aligned to permit longitudinal and lateral movement
with respect to the fixed anchor point at the compressor section. The supports
are designed to Support 203 million pounds of water weight for hydrostatic testing
plus weight of pressure shell and internal equipment of 18 million POURds.- The - -
tunnel center line is 29 ft above grade and 30 ft above the movable plenum rails.

* Material: SA516 Grade 70

* Weight: 4,120,000 LB

4230 LSWT Pressure Shell

The pressure shell is constructed of curved plates, ring girders, stringers, flanges,
bulkheads, gussets, and stiffeners. The pressure shell is designed, constructed,
inspected , tested, and U stamped in accordance with the ASME Code Section -
VIll. The pressure shell will interface with the test section plenum and
compressor sections. Penetrations are provided for instrumentation, tunnel,
pressurization/evacuation, drive shaft, manways, cooling water, and lubrication.
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The tunnel cross section is circular with square corner and conical sections. ltis
the flow boundary except through the settling chamber/contraction/test section
regions.

Table 4230.1 LSWT Pressure Shell Description

Parameter Description
Operating pressure 0.07 to 5 atm
Design pressure -15 to 65 psi gauge
Design temperature ambient to ambient +
30°F
Mach No. range 0.05 to 0.60
Dimensions
Flow centerline 11,1151t
Plenum diameter 104 ft
Movable plenum 51 ft. dia. by 59 ft.
Compressor 44 ft. dia by 39 ft
Internal volume 3.25 million ft3
Shell Material SA516 Grade 70
Coatings Interior and exterior
surfaces are painted
Weight 29.6 million LB empty

4300 LSWT PRESSURE ISOLATION SYSTEM

The system includes two sliding gate valves on the wind tunnel pressure shell on
each end of the 76 ft long test section for pressure isolation ata face-to-face
spacingof 88 ft.. - : .

Note: The air lock access door is not required for this concept.
‘4310  LSWT Isolation Valves
Two sliding gate valves, each consisting of a 2 inch thick semi-elliptical heads
with full edge flanges are required. The valves may be designed horizontally or
vertically. Each valve is powered by a hydraulic actuator through a double rack
and pinion drive. The gate of the valve slides in a guided rail system. The valves
are stored in a well beneath or to the side of the tunnel flow stream completely
enclosed in the pressure plenum.

. Size: Elliptical shape 60 ft wide x 32 ft high by 10 ft deep carriage

« Weight: 70tons each
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» Material: Welded mild carbon steel, ASME SA 516, Grade 70

» Rating: 75 psia maximum working pressure on either side. 1 psia
minimum working pressure on either side.

+ Seals: Active trapped continuous pressure seals on mating surfaces
of pressure shell bulkhead in open and closed positions, with Teflon
seal material, pressurized dry nitrogen activated.

4320 LSWT Access Door
A personnel door is provided in the fixed part of the plenum.
4330 LSWT Hydraulic Power Unit

A hydraulic power unit is provided to actuate the two isolation doors.
The size of the hydraulic power unit is: 25 hp, 3000 psi.

4400 LSWT FLOW INTERNALS

This WBS line item includes all components internal to the stationary pressure
shell provided for the purpose of controlling the air flow qualities in the wind
tunnel. This WBS item does not include the test section carts, which are in WBS
4500.

4410 LSWT Turning Vanes

This WBS item includes four turning vane assemblies, which direct the air flow
around each of the 90 ° comers of the LSWT. Each turning vane assembly is an
integral unit complete ‘with-splitter plates and-access doors.- The turning vanes- - - -
are supported by the pressure shell by radial expansion type connectors.

Turning Vanes #1 and #4

The function of the turning vanes is to change the direction of air flow at the
corners with minimal distortion and pressure loss. The tumning vanes located in
corners #1 and #4 are acoustically treated. The vanes in corners #1 and #4 are
acoustically insulated on the leading edge to reduce the fan noise effects in the
test section by approximately 15 dB. The desired turning vane spacing to cord
distance ratio is 0.30.

For turning vane set #1:
* Dimensions: 19 turning vanes - cord length 7°-1%; approximately 9

feet wide by an average length of 28 feet; average wall thickness
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0.5".

Material: Carbon steel plate (machined leading and trailing edges to
airfoil shape) with cross ties every 5 ft.

Weight: 66 tons including supports.

For turning vane set #4:

Dimensions: 20 turning vanes - cord length 9-11%; approximately 11
feet wide by an average length of 45 feet; average wall thickness
0.5".

Material: Carbon steel plate (machined leading and trailing edges to
airfoil shape) with cross ties every 5 ft.

Weight: 150 tons including supports.

Tuming Vanes #2 and #3

Non-acoustic turning vanes are located in corners #2 and #3. The desired turning
vane spacing to cord distance ratio is 0.30.

For turning vane set #2:

Dimensions: 20 turning vanes - cord length 7*-1%; approximately 8
feet wide by an average length of 30 feet; Average wall thickness
0.5".

Material: - Carbon steel plate (machined leading and traitingedges to = -
airfoil shape) with cross ties every 5 ft.

Weight: 75 tons including supports.

For turning vane set #3 (Same as #4):

Dimensions: 34 turning vanes - cord length 9-11%; approximately 11
feet wide by an average length of 45 feet; average wall thickness
0.5

Material: Carbon steel plate (machined leading and trailing edges to
airfoil shape) with cross ties every 5 ft.

Weight: 150 tons including supports.
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4420 LSWT Honeycomb

One set of straightening vanes is required to obtain quality flow in the test section.
The straightening vanes are located upstream of the screens in the settling
chamber and consist of hexagonal honeycomb panels assembled and held in a
structural frame. The honeycomb reduces the turbulence levels by a factor of 2
and angularity by a factor of 10.

» Configuration: 1/2" Cell x 5" Thick, Vd = 10:1
» Material: Stainless Steel
4430 LSWT Screens

The screens reduce turbulence levels and flow angularity such that in
combination with the other flow conditioning items, the turbulence levels in the
test section are less than .08% and flow angularity is less than 0.03 degrees. The
LSWT uses four anti-turbulence screens. The four anti-turbulence screen sets are
located in the settling chamber section downstream of the honeycomb. The
settling chamber screens require pre tensioning and are mounted to an outer
frame. Because of the hexagonal shape of the diffuser and settling chamber
cross sections, additional consideration must be given to the method of
attachment and tensioning system to minimize screen attachment stresses. One
additional screen set is located in the wide angle diffuser section.

» Dimensions: 5200 square feet per screen section.

» Screen Size: The following screen sizes are assumed:
+ Diffuser (1): 0.024" dia x 11 mesh (53% open area)
+ Settling Chamber (4):0.023" dia: x 10 mesh (59% open area) --

Note: Open area for the screen in the settling chamber should be
larger than 57% and wire diameters should be no greater than
0.098".

» Materials: Stainless Steel
4440 LSWT Internal Heat Exchanger

The tunnel air is cooled by an air to water heat exchanger located in the entrance
to the settling chamber. The internal heat exchanger is part of the tunnel cooling
system consisting of cooling towers, pumps and interconnecting piping. Process
system components other than the internal heat exchanger are located in WBS
1330. Tunnel penetrations are located in WBS 4230. The function of the heat
exchanger is to remove heat of compression introduced by the fan and limit the
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operating temperature to a maximum of ambient plus 30 degrees F.

The heat exchanger consists of multiple passes of vertical copper finned tubes.
The tunnel cross section is made up of approximately 88 - 4 foot X 11 foot
modules, which are brazed together in place. The modules are modified to
accommodate the hexagonal settling chamber cross section. The vertical tubes
are supported from the top and are also supported by airfoil shaped horizontal
supports. Supply and return water alternates from tube to tube across the entire
diameter to eliminate flow stratification and provide an evenly distributed
temperature profile. The supply and return mains are located in recessed pockets
in the top and bottom of the settling chamber. A tradeoff study is required to
evaluate the need for elliptical shaped tubes to minimize flow disturbances as the
air passes through the heat exchanger. The design incorporates:

. Dimensions: 82 ft long. x 3 ft thick mounted inside a 90 ft ID settling
chamber portion of the pressure shell. Exchanger modules (4 ft x 11
~ ft cross sections) connected to piping supply and return mains,
aligned in vertical struts with horizontal stiffeners.

. Capacity: Sized for 90,000 hp cooling. Holds ambient temperature
in test section( i.e., + 30° F).

4450 LSWT Settling Chamber Liner

The settling chamber liner consists of the wide angle diffuser, settling chamber,
contraction nozzle, and subsonic nozzle. It provides mounts for the heat
exchanger, honeycomb and screens. It also provides structural framing for
mounting the liner to the pressure vessel shell attachment points.

« Wide Angle Diffuser: The wide angle diffuser is'a six-sided" —~
expansion section that supports one screen section and interfaces
with the pressure shell and the settling chamber. Dimensions: 74'-8"
high x 74'-8" wide with 21'-10" corners expanding to 95'-8" high x
95'-8" wide with 28'-0" comers x 16 ft long.

. Settling Chamber: The settling chamber is a six-sided section with
constant cross section that supports the heat exchanger,
honeycomb and four screens. Dimensions: 95'-8" high x 95'-8" wide
with 28'-0" corners x 56'-7" long.

« Contraction Nozzle: The contraction nozzle is a six-sided section
that compresses the flow and extends from the settling chamber to
the upstream isolation valve.Dimensions: .95'-8" high x 95'-8" wide
with 28'-0" corners at the large end, 20" high x 24' wide with 5'-0°
corners at the small end, and 68'-4" long.

-47-



'National Wind Tunnel Complex - Cost Baseline Technical Description
ONC -0 5 ecembe 99

» Subsonic Nozzle: The subsonic nozzle is a four-sided weldment,
fabricated from steel plate, with fillets in each corner, and reinforced
with structural stiffeners. The nozzle extends from the upstream
isolation valve to the entrance to the test section. It does not move
with the test section components. Dimensions: 24 ft wide x 20 ft
high x 17 ft long. .

4460 LSWT Plenum Evacuation System (Deleted)

The plenum evacuation system use not being used in this concept.
4470 LSWT Heavy Gas Manifolding (Deleted)

The heavy gas system is not being used in this concept.

4480 LSWT High Speed Diffuser

The high speed diffuser is a structural steel weldment which starts at the
downstream end of the isolation valve and ends at the conical diffuser section. It
provides a transition from rectangular to round cross section.
* Dimensions: 20 ft high x 24 ft wide, to circular cross section, 31'-8"
diameter over 26™-10" of length and continues to expand to 31-10"
diameter over the next 44 ft. The total length of the high speed
diffuser is 65 ft.
» Weight: 115 tons
4490 Acoustic Treatment For.Nacelle and Walls. ...

Acoustic treatment is being used in this concept. Acoustic treatment is located on
the fan nacelle and tunnel pressure shell in the vicinity of the compressor.

44A0 Compressor FOD Protection

A screen section is required on or just upstream of the turning vane set # 2 to
protect the fan blades from debris. This screen section is a course mesh screen
which may or may not extend the full height of the cross section.

44B0 Acoustic Baffles (Deleted)

Acoustic baffles are not being used in this concept.
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44C0 Tunnel Cleaning System

Transferred To WBS 3610
4500 LSWT TEST PLENUM
4510 Subsonic Nozzle
The subsonic nozzle is located in WBS item 4450.
4520 Flutter Test Section(Deleted)
Flutter testing capability has been deleted.
4530 Open Jet Test Section

An open jet test configuration is required for Concept A (Mod) for operation up to
1 atmosphere tunnel stagnation pressure and at ambient temperature. The
method used for accomplishing this testing is to build up an open jet test
configuration on a movable cart which replaces the movable plenum section in
Concept A. The open jet testing for Concept C has an open jet length of 45 ft and
an acoustic measurement radius of 45 ft. Components required for the various
required test configurations are: Open Jet Collector, Open Jet Nozzle Lip
Extension, Open Jet Rear Sting Mount, Open Jet Floor Mount, Open Jet Floor
Mount Traversing System (used in Concept C only), Open Jet Microphone Wing
Traversing System, Open Jet Transport Cart, and an Anechoic Room.

. Open Jet Collector: The collector assembly consists of the collector
and support structure to mount the collector to the transport cart.
The colleétor and support structure have to withstand aerodynamic
loads up to M=0.6, 1 atm., and ambient temperature operation. The
Open Jet Collector is bolted to the transfer cart, but provisions
should be made for manually adjusting the axial position of the
collector in the test section. Both the collector and the support
structure require acoustic treatment. The collector is required for all
open jet testing. Dimensions: 28 ft wide x 23 ft high (inlet)

25 ft wide x 20 ft high (exit)
9 ft long.

« Open Jet Nozzle Lip Extension: The nozzle lip extension mounts to
the subsonic nozzle section and forms the lip of the nozzle for open
jet testing. It is not acoustically treated. The nozzle lip extension is
required for all open jet testing.Dimensions are: 24 ft wide x 20 ft
high with fillets x 4 ft long.
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Open Jet Rear Sting Mount: The rear sting mount system is one of
two ways to mount models in the open jet test section for acoustic
testing. Model loads are transferred through the rear sting mount
system to the open jet transport cart and then to ground through the
outer pressure shell. The rear sting mounted system is designed to
withstand loads of approximately 1/5 of the main vertical strut
system (1 atm. testing only). Compatible stings shall be used where
practical. The rear sting mount system is acoustically treated from
the sting base to the cart floor. The rear sting mount system is
bolted to the transfer cart, but provisions should be made for
manually adjusting the axial position of the rear sting mount system
in the test section. Model motions of pitch and roll are provided,
along with some limited strut vertical travel. Model centerline
position is maintained only over a portion of the pitch motion.

Open Jet Floor Mount: A second model mounting configuration to
be used primarily for propulsion testing is the floor or post mounted
system. For Concept C, this system is mounted to the floor mount
traversing system with a bolted interface. The traversing system
positions the model at various locations in the test section. The
Floor Mounted System incorporates a positioning turntable, which
yaw motion while maintaining model position on centerline. The
floor mount system is acoustically treated.

Open Jet Microphone Wing Traversing System: A system for
traversing a microphone rake in two dimensions is provided. This is
included in WBS 7510, the LSWT Test Instrumentation.

Open Jet Transport Cart: The open jet transport cart is provided to
move the various open jet components between the test section and
the model preparation area, and support the components in the test
section, while being tested. The transport cart is a self propelled flat
bed cart that operates on the same rail system used by the movable
plenum. All elements of the open jet test section are built on
platforms that mount on and are bolted to the transport cart.
Movement of the transport cart into the test section completes most
of the set up required for an acoustic test. The elevation of the
model support cart floor is required to be as low as possible in the
plenum. Included are wheels and motorized trucks, and an
electrically actuated alignment and locking mechanism. The
transport cart requires acoustic treatment covering the entire top of
the cant. Since muiltiple configurations of the cart are possible, 30% -
extra acoustic wedge material is required. Dimensions: 59 ft long x
28 ft wide x 8 ft high
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« Anechoic Room: An anechoic room is required for acoustic open jet
testing. The anechoic room is discussed in WBS 4590.

4540 Movable Plenum

This WBS line item consists of the section of the LSWT pressure shell located
between the two isolation valves. This section of the tunnel can be disconnected
from the stationary pressure shell and rolled out of the circuit.

The movable plenum consists of the pressure shell, internal structural steel and
rails to support the test section components, external structural steel to support
wheels and motorized trucks, and inflatable seals

+ Shell Material : SA516 Grade 70

» Weight: Plenum Shell - 300 tons
Internal/Extemnal Structure - 200 tons
Test Hardware - 300 - 400 tons
Transport Cart - 150 tons
Total - 1500 - 1800 tons

4560 Observation System

In-wall viewing ports and mounts are required for observing the model. Forty-five
6* diameter windows of optical quality and four 6* diameter windows of schlieren
quality are provided. Window frames, window blanks, and mounting attachments
for observation equipment (10) are supplied. Interchangeable window inserts are
provided so that the window locations can be varied. The window glass,
cameras, high intensity lights, lasers, etc. to record model test dam and model
response to control inputs are located in WBS 7000. -

4570  Test Section Carts

The Test Section Cart work package includes all the movable sections necessary
to build up the plenum into workable floor mounted and rear sting mounted model
configurations. The carts have four test section walls and have an integrated
model support system. The following carts are required: ‘

« Rear Sting Cart: The rear sting cart is a four sided steel fabricated
and machined structure with adjustable sidewalls which houses the
Model Support Assembly. Included are wheels and motorized trucks
for transporting the rear sting model cart into the test plenum. Also
included is an electrically actuated alignment and locking
mechanism. Dimensions of Rear Strut Model Cart: 30 ft wide x 24 ft
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high x 59 ft long. Weight: 350 tons. The rear sting cart includes the
following components:

* Test Section: The subsonic test section is a four sided steel
structure with adjustable sidewalls and integral solid floor
section.driven screw jacks. The subsonic test section and solid
test section floor are fabricated and machined from structural
steel.

* Model Support Assembly: The model support assembly consists
of a vertical strut with a streamlined cross section, axial and
lateral adjustable guide rollers, and a vertical drive assembily.
The vertical drive assembly keeps the model on centerline during
pitch motions.

» The pitch assembly is an integral part of the strut assembly. The
pitch motion is achieved using differential motion of two vertical
guide rods. The position is controlled by electric servo motors,
driven through two rack and pinion drives. A roll coupling
attaches to the strut by bolted interface. The roll mechanism
consists of a high ratio gear unit with multiple drives. It must be
designed for high model loads with minimal cross section for
optimum blockage effects. Yaw positioning is not required for
this concept. The stings for the rear sting cart are located in
WBS 7430.

* Floor Mount Cart: The floor mount cart is a four sided steel
fabricated and machined structure with adjustable sidewalls which
houses the external balance model support assembly. Included are
wheels and motorized trucks. for transporting the floor mount model .
cart into the test plenum. Also included is an electrically actuated
alignment and locking mechanism. Two floor mount carts are
required for this concept for productivity reasons. Dimensions of
Floor Mount Cart: 30 ft wide x 24 ft high (raised) or 27 ft high
(lowered) x 59 ft long.- Weight: 400 tons The Floor Mount Cart
includes the following:

* Test Section: The subsonic test section is a four sided steel
structure with adjustable sidewalls and integral turntable floor
section. The adjustable sidewalls are actuated by a series of
electrically driven screw jacks. The subsonic test section and
turntable test section floor are fabricated and machined from
structural steel.

+ External Balance Model Support Assembly: The external balance
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model support system contains an extemal balance support and
translation system, including electro-mechanical actuators to
vertically translate the external balance approximately 7 ft. The
external balance, included in WBS 4680, is raised when the floor
mount cart is moved and lowered when the external balance is in
the installed position. It interfaces with a solid steel foundation
permanently mounted in the movable plenum. Yaw positioning is
obtained using the turntable actuation system. Roll positioning is
not required for this concept. The floor mount struts are included
in WBS 7430.

« Acoustic Open Jet Cart: Included in WBS 4530.
. Mo?able Ground Belt Cart: Not required in this concept.
4580 Preparation Hall Shuttle Cart

The Preparation Hall Shuttle Cart moves various test section and model support
carts from bay to bay in the model preparation area. This cart lifts up to 100 tons
and have the capability of accurately translating and positioning a load vertically
up to 8 ft. The preparation hall shuttle cart is self powered and has the capability
to operate independently of the rail system.

4590 Anechoic Chamber

An Anechoic Chamber is required in this concept for open jet acoustic testing.
The anechoic chamber is permanently installed in the 104 ft diameter outer shell
and consists of the following components: support structure, acoustic treatment,
acoustic door.

. Support Structure: The support structure mounts the acoustic
wedge panels and to put rectangular flats on the acoustic chamber
walls. The support structure consists of longitudinal and lateral
structural steel members welded to the outer shell. The steel
backing structure for the acoustic panels is positioned to obtain a 45
#t clear radius for microphone measurements from the centerline to
all treated walls (three foot wedge treatment). :

« Acoustic Treatment: The acoustic walls are constructed of modular
panels of sound absorbing material. The requirement is to achieve
a cutoff frequency of 100 Hz in air. This requires a random
incidence absorption coefficient of at least 0.99 at frequencies of
100 Hz and above. This is accomplished using glass fiber or foam
wedges approximately 3 ft thick. The entire inner surface of the
shell is covered with wedge panels.
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* Acoustic Door: A roll-away door is required on the 104 ft dia shell to
cover the test section opening. The door is constructed from 3/8"
thick reinforced steel, rolled and welded in place. It is approximately
60 ft in diameter and curved to the shell contour. It is split in the
middle and rolls on the tunnel shell in two directions. It contains
acoustic treatment on the inner surface and is designed to withstand
the test section static pressure load. A motorized drive system is
included for automatic operation. .

4600 LSWT TEST SUPPORT EQUIPMENT
4610 Transferred to 4570

4620 Transferred to 7430

4630 Transferred to 7430

4650 Elevated Ground Plane

The elevated ground plane is a lightweight aluminum honeycomb ground board
with wedge-shaped removable piece at trailing edge to accommodate high angle
of attack testing. Support system consists of four electrically driven jackscrews.
Includes turntable to accommodate the single and three strut model supports.

4660 Inverted Ground Plane

The inverted ground plane is similar to the elevated ground plane. Itis a
lightweight aluminum honeycomb ground board attached to the test section ceiling
with four manually driven jackscrews. . :

4670 Transferred to 7430
4680 LSWT External Balance

The external balance is a pyramidal balance mounted on a turntable, supplied
with model support frame and test section floor tumtable, The tumtable and floor
sections are in WBS 4570. The external balance is transportable between the
model build up area and the movable test plenum. Efforts must be made during
the design process to insure adequate stiffness in the balance support structure.
A lifting mechanism is provided for balance removal. Calibration of the external
balance is covered in WBS 7000.
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4700 LSWT COMPRESSOR / DRIVE SYSTEM

The Low Speed Wind Tunnel (LSWT) Drive System provides the shaft power and
the compressor which produces LSWT air flow. The primary components are the
motors, motor control system, compressor (fan) and related components which
interconnect these elements into the LSWT drive train. The motor feed current is
provided by the yard Electrical Power System (WBS 1400). The motors,
shafts/bearings/seals which interconnect the motors into a drive train for the main
compressor, and the lubrication/cooling systems for the drive motors are the major
components. The performance requirements, physical arrangement and
characteristics of the drive system are a product of the design and will flow from
the aerodynamic performance, productivity and test unit reliability specified for the
LSWT complex. Common design features and interchangeable equipment shall
be used to the maximum extent practical throughout the LSWT/TSWT complex.
Realistic utility ramp rate control issues shall be assumed for the chosen site and
Electrical Yard Design when developing the peak instantaneous drive system
accelerations/deceleration in response to LSWT performance demands.

The major compressor components are the rotating and stationary compressor
hardware, including the compressor case which will complete the Pressure Shell
and provides the structural load path to connect the compressor to its foundation,
WBS 4210. The performance requirements flow down from the LSWT
aerodynamic, flow quality, acoustic and productivity requirements. The design
Mach/total pressure point coupled with maximum Mach Number required will
determine the pressure ratio and drive system power requirements in conjunction
with the maximum required model drag and the tunnel circuit resistance. The
acoustic requirements are expected to be a major factor in the compressor (fan)
design.

The detailed description, interface definitions and basis for cost estimatesare™™ "~
given at the third tier level.

4710 Rotor Hub/Blades

Provides the LSWT primary axial flow compressor shatt, structural mounting discs
for the rotating blades and the rotating blades. The anticipated concept has fixed
pitch rotor blades with the machine's variable geometry provided by the
stators/IGVS/EGVs of WBS 4780. The stators are controllable with active control
inputs from WBS 7730, Controls - LSWT. The IGVs and EGVs are adjustable but
are expected to be keptin a fixed configuration for most operations once the
facility checkout and calibration is complete. The blade and hub design shall
readily allow repair and blade replacement to support high productivity. Provides
120 % spare blades, 110% of the spares are to be manutactured after
performance acceptance of the compressor installed in the LSWT.
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The rotor shaft interfaces with the two journal type bearings and the thrust bearing
at the surface of rotation with the rotating surfaces the boundary of this work
package and the adjacent stationary surfaces included in the bearings of WBS
4720. The drive shaft and related coupling fittings of WBS 4720 will interface at
the first non-removable parting surface between the compressor shaft and the
motor drive train. This work package will provide five (5) instrumented blades for
each row which have been calibrated to provide maximum bending and torsional
stresses. The instrumentation provisions to provide four channels of strain gage
data channels per row plus four additional channels of rotor data to the tunnel
shell are also included in this work package and these data channels will be
interfaced with WBS 7570 (Process data instrumentation) extemal to the
compressor shell. Only limited physical interface with the nacelles and supports
of WBS 4730 and the stators/IGVS/EGVs WBS 4780 are expected but seals,
critical tolerances and integral design requirements for compressor performance
will require extensive interface during the design and installation of the
compressor. The Lubrication and Cooling (WBS 4750) requirements will be
provided by 4750 with the interface point at the bearing penetrations for lift/lube
oil connections.

4720 Shafts/Bearings/Clutches

Provides the drive train components which interconnect the motors (WBS 4760)
and mechanically connects the motor output to the tunnel circuit fan (compressor)

is physically and functionally ihterchangeable with any of the LSWT/TSWT main
drive motor rotors is included. The drive train / coupling design is required to
allow for the thermal expansion, relative movement and vibrations between the
drive motors and LSWT compressor,

Five journal bearings and a single thrust bearing are anticipated, but the
compressor design may result in a different configuration. All bearings shall be
designed with slinger rings or a similar device to allow safe shutdown in the event
of a lube system failure. The bearings are required to Operate at the full range of
LSWT conditions without loss of oil into the tunnel. Provides 50% replacement
bearing inserts.

A turning gear system is provided on the compressor side of the motor coupling

closest to the compressor. The turning gear, two speed: 1 rpm for shaft run out
and 1/6 rpm for maintenance, requires sufficient torque and braking for safe
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operations with the maximum rotor blade imbalance configuration.

The bearings will provide the stationary surface adjacent to the rotating surfaces
of the rotor WBS 4710. The lubrication and cooling for the bearings will be
provided by WBS 4750 and will interface at the first physical connection point
external to the bearing case. The bearing design shall integrate the
instrumentation provided by WBS 7570.

The coupling / clutch interface is required to mate with the appropriate motor rotor
(WBS 4760) interface surface. All needed bolts and fittings required to complete
the connection with the motors and associated couplings, clutches and
compressor hub shaft ( WBS 4710) are included in this work package. The
bearing foundations external to the tunnel shell are included in the LSWT Drive
Building, WBS 2210. Lift / lube oil and related coolers interface at the
penetration to the respective bearing case, with the piping and related hardware
provided by WBS 4750, LSWT Lubrication and Cooling Systems. Health
monitoring and diagnostic instrumentation will be provided by the Process
Instrumentation work package 7570. Provisions for the integration of the WBS
7570 instrumentation will be made during the detailed design of each appropriate
component of WBS 4720. The major shaft component(s) will almost certainly be
the link between the bearing closest to the tunnel pressure shell and the
compressor rotor hub. The seal around the shatt at the pressure shell penetration
point will be included in this work package and will interface with the tunnel shell
at a mating flange surface provide (WBS 4230) for this purpose.

4730 LSWT Nacelleleairihgs and Supports

Provides the aerodynamically contoured shell (teardrop shape) around the
compressor hub and an symmetric airfoil fairing around the drive shaft of WBS
4720. The drive shaft fairing attaches to-the pressure shell-at the drive shaft—-
penetration and extends through the turning vanes to the nacelle fairing. The
primary supports of the compressor both forward and aft of the rotor blades
constitute the principle load path for the compressor loads. The aerodynamic and
structural requirements for these components are major factors in the compressor
design effort. The required seals and directly related hardware to make the
nacelle an effective aerodynamic shape are included in this package.
Regquirements for low turbulence and acoustic testing demand greater than
normal care in the aerodynamics contouring of these fairings. The design and
fabrication approach are likely to be affected. Maintenance and accessibility
require special considerations if required productivity is to be attained.

The rotating portions of the nacelle attach to the rotor shaft and the interface is at
the removable joint closest to the center of rotation with all fasteners provided
with the fairings under this work package. The non-rotating portion of the nacelle
will attach to the supports and provide the center body attachment for the
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stators/IGVS/EGVs of WBS 4780. The interface with movable or adjustable
components will be at the removable joint which separates the movable surface
from the stationary elements. All stationary surfaces and mounting provisions are
included in this package and all movable hardware and related fittings and
fasteners are provided by WBS 4780.

The supports which provide the primary structural load path for the compressor
loads interface with the pressure shell, WBS 4230 at the contour intersection
between the two components unless the structural and fabrication approach
indicate a more logical interface. The rotor end of the supports interfaces at the
mating surface for the rotor bearings. The attachment provisions for the bearings
are included herein and all fasteners and fittings are provided by WBS 4720.

The shaft fairing will interface with the pressure shell, WBS 4230 and turning
vanes, WBS 5410 at the contour intersection between the two components
unless the structural and fabrication approach indicate a more logical interface.

4740 Gearboxes
The current concept does not require any LSWT Main Drive Train gearboxes.
4750 Lubrication and Cooling Systems

Provides the lift/lubrication and cooling systems for the rotor bearings and main
drive motor bearings of the LSWT. Water to oil heat exchangers for bearing
lift'lube systems are included, as well as the related components needed for
control and safety provisions. The design to properly size and locate the
required equipment shall consider the LCC of maintenance and operations as well
as the trade studies for construction cost. To the maximum extent practical, the
components and subsystems used. throughout the LSWT/TSWT complex shall be ..
of common design and interchangeable. To facilitate maintenance and handling
functions, the equipment included in this work package will be located below the
main drive motor floor level. Cost/ design trades are to determine the merits of
large central systems verses smaller distributed subsystems through out the
complex both LCC and reliability requirements must be included. High value
equipment protection and reliability of total system performance are the major
design requirements.

The bearing lift and lubrication systems and related heat exchangers, controls
and pumps interface with the bearings at the physical connection closest to the
bearing case/housing. All piping and fittings are included in this package.
Electrical power and cooling water will be provided to all equipment in this work
package by appropriate distribution systems in WBS 2210. The installation wiring
and plumbing are included in this work package for the connection of these
systems to normal distribution points for electrical and cooling water utilities in the
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LSWT Drive Building, WBS 2210. Design requirements for equipment size,
access and utilities will be input to the requirements of WBS 2210. Design loads
for the cooling and lubrication requirements will be input from WBSs 4760 and
4720 and cooling loads will be input to WBS 3400, Cooling System. The required
equipment includes 25% spares for pumps, valves and controls which are
common to all similar systems.

Unless impractical, the journal bearings of WBSs 4760, 4720, 4720 and 4760 are
all required to be physically and functionally interchangeable.

4760 Motors

The motor sizing and design are defined by the LSWT performance requirements
and projected compressor design performance. The design continuous duty
rating shall be 1.05 of the projected required shaft horsepower rating needed for
the LSWT design point performance. An intermittent duty cycle is required at
1.20 the continuos duty cycle level for up to one hour with a one hour
synchronous speed cool down at or below the continuos duty cycle maximum
power level. The LSWT motor(s) shall be of common design, physically and
functionally interchangeable to the extent practical with other large motors in the
LSWT/TSWT complex. Major components should be interchangeable to the
extent practical based on Life Cycle Cost considerations. The motor, drive shaft,
building and support equipment shall provide the ability to remove the main drive
motor from the LSWT Main Drive Train and install a replacement motor to
reestablish drive capability within 24 hours.

The motor interface with the Motor Controls (WBS 4770) at the closest physical
connection point to the motors. The electric requirement specifications are
quoted for that interface point. The drive motor foundations are included in WBS

2210, LSWT Drive Building.- Cooling air-provisions for the motors are required in-" -

the design of these foundations. The motor bearing lubrication and related
cooling are provided by WBS 4750 with the interface point at the motor housing
"penetration/flange. The rotor will interface to the drive train components (WBS
4720 Shafts/Bearings/Clutches at the parting surface of a coupling flange at both
ends of the rotor shaft. A common flange configuration is required for all drive
motor couplings. The coupling hardware (bolts, pins. etc.) are included in the
WBS 4720 definition. WBS 4720 includes a joumal type bearing to support each
end of the rotor shaft. The interface surface is defined as the surface of rotation,
i.e. the rotating shatft is part of the motor and the stationary bearing surface is
included in the bearing package.

4770 Motor Controls

Provides the variable frequency start system and sub synchronous speed control
system for the LSWT Main Drive Motors, WBS 4760. The major components of
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the system includes the switch gear, harmonic filters and redundant power
conditioning and directly related equipment. A major portion of the equipment will
be located outdoors in the Station No. 1 area adjacent to the 138/13.8 kV
conversion equipment of WBS 1400. All equipment must be provided with its own
weather protection and sufficient environmental conditioning provisions to ensure
reliable operations and most economical LCC. The primary design requirement is
to accelerate to any desired speed above 5% of synchronous speed and maintain
that speed + 1 rpm indefinitely. The total drive train is required to accelerate to
any demand speed in two minutes or less and stabilize at the demand speed
within 10 seconds. B

The Motor Controls system receives input power from the power conversion
equipment in the Yard Electrical Power System, WBS 1400. The 13.8 kV input
interfaces at the first physical connection point inside the initial enclosure(s) for
the equipment in this work package. The output interface is the physical
connection to the motors nearest the motor case/housing. All interconnections
within and between elements of the Motor Controls equipment are included as
part of this work package. The demand/set point control input to this equipment
comes from WBS 7700 and the signal will is to the appropriate location for input
to this equipment. Concrete pads for the installation of the Motor Controls system
equipment are included in the WBS 1400 (Yard Electrical) requirements.

4780 Compressor Case Stators/IGVs/EGVs

Provides the pressure shell, structural mounting rings, stators, inlet guide vanes
and exit guide vanes for the compressor. As with all the other work packages in
4700, the design of the elements of this work package are highly interactive and
must be designed integrally if a satisfactory machine is to be built. The design
and integration of these elements must accomplish the acoustic, aerodynamic and
energy efficient objectives of the LSWT and provide maintenance and operational .
concepts which support long term productivity and LCC objectives. Fail-operate
provisions will be incorporated in all controllable surfaces to the extent practical.
Fail-safe provisions are a firm requirement. All adjustable and controllable
components include sufficient position indicators to record compressor
configuration during all operation via the LSWT Process Instrumentation, WBS
7570. The case shall provide a compressor access maintenance door to the
compressor which functionally provides access similar to the provisions in the
AEDC 16S C3 and C4 Compressors. The door is required to operate at all pre
and post operational shell temperatures and shall open or close in no more than
15 minutes on a routine basis. Removable hatches are required directly over the
compressor bearings of sufficient size to allow bearing removal. Fixtures and
tools to support bearing assembly and replacement are included.

The Compressor Case interfaces with the pressure shell at mating flanges
located perpendicular to the compressor axis of rotation. The upstream flange is
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a minimum of one foot upstream of the upstream edge of the upstream
compressor bearing support and the downstream flange is one foot downstream
of the trailing edge of the down stream compressor bearing support trailing edge.
The mating surface flatness and alignment specifications shall be specified by
pressure shell design of WBS 4230. The fasteners and mating hardware/seals
are included in this work package.

The statorsIGVS/EGVs interface with the Nacelle, WBS 4730, at the movable
interface to the fixed surface, with all mounting hardware and fittings provided by
this work package. This package provides all design provisions for integration
and installation of the position indicators and structural instrumentation for the
components included herein. The sensors and related instrumentation for the
stators, IGVs and EGVs will be provided by WBS 7570 and integrated into the
LSWT Process Instrumentation System. The detailed instrumentation
requirements and interface drawings are provided by this work package. Routing
provisions, piping and related fittings to deliver lift and lube oil from the
compressor case outer surface to the bearing housings are provided by this work
package. Interfaces are the case penetrations of the bearing housings and the
first physical connections outside the pressure shell or each line.

4800 LSWT Electrical, Control Systems and Data Acquisition

Data and Control Systems of WBSs 4830 and 4840 have been transferred to
WBSs 7720 and 7220 respectively. The remainder of 4800 consists only of
miscellaneous Electrical Equipment and Material associated with the installation
of the Drive Motor and Motor Controls of WBSs 4760 and 4770 into the Wind
Tunnel Drive Buildings of WBS 2200.

4900 LSWT TEST AND VALIDATION

L I

4910 Test and Validation

The LSWT sub-systems will be tested to demonstrate performance to specified
levels. The work associated with shop tests is included with individual work
packages. Once installed, subsystem checkouts and integrated system tests will
be performed to verify performance parameters. Test and validation hardware is
provided in WBS 7000.

4920 Calibration
Components and sub-systems will be calibrated. Tunnel operational parameters

such as flow quality, acoustic performance, and model data comparisons will be
made. Calibration hardware is provided in WBS 7000.
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e ——————
4A00 PRODUCTIVITY PROVISIONS

Since production is critical to this facility, duplicate components are required in
critical areas so downtime to the facility can be minimized. Any component which
has a significant probability of failure, which is critical to the LSWT operation,

needs to be in stock at the facility or available from a supplier, ready for
immediate delivery.
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5000 -TRANSONIC WIND TUNNEL (TSWT)

The Transonic tunnel is a closed-circuit continuous-flow facility capable of
providing the following ranges of test conditions:

Mach Number,(M) : 0.05<M<1.5* (*Nozzle will have travel for M=1 .6)
Total Pressure,(Pt) : 0.05<Pt<5 atm.

Total Temperature,(Tt) :Ambient to Ambient + 30F

Reynolds Number,(Rec) : Rec = 28.2M @ M=1.0 (forc = 1.31 ft.)

Descriptions and interfaces for the various elements which make up the transonic
tunnel are presented in the following WBS 5000 level sections:

5100 TSWT ACOUSTIC ENCLOSURE
5110 TSWT Acoustic Enclosure Foundation

The TSWT acoustic enclosure and pressure shell, exclusive of the tunnel
compressor section, are supported on a common foundation. The foundation
consists of a reinforced concrete basemat with embedded plates and bolts to
facilitate the attachment of acoustic enclosure steel and pressure shell supports
and anchors. The basemat is five feet thick, with plan dimensions of 455 ft x 210
ft. Itis a stepped design, varying from grade level to 17.5 feet below grade. The
compressor section is supported on a foundation common with the drive system,
but isolated from the rest of the tunnel circuit.

5120 TSWT Acoustic Enclosure

The building surrounding the wind tunnel pressure shell is designed to reduce
“sound emanating from.the TSWT to acceptable levels-on site-and at the site —~ -«
boundary. The building consists of a moment resisting steel space frame structure
with metal siding and roofing 455 ft x 210 ft x 75 ft high. Includes personnel
-doorways, large access doors, and roof hatches as required for wind tunnel
internal component removal. Four overhead bridge cranes, 300 ton capacity
each, services the tunnel circuit, equipment and laydown space.

5130 Acoustic Insulation

Acoustic insulation lines the inner surfaces of the walls and roof and has been
included in construction of the acoustic enclosure.

5140 Electrical Services
Basic building services including high bay lighting, and convenience and special

purpose outlets that are located at multiple locations within the building. Data,
communication, and fire alarm services are provided.
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5150 Mechanical Services

Fire protection provided by mobile equipment. Hose cabinets included by main
access doors. Service air outlets are located at multiple locations within the
building. Heating and exhaust fans are provided.

5200 TSWT PRESSURE SHELL

5210 TSWT Support Foundation

The foundation for the entire TSWT circuit is common with the acoustic enclosure
foundation which is described in WBS 5110.

5220 TSWT Support Structure -

The TSWT circuit is supported above the foundation mount plates by clevis-pin
connected vertical struts. The fixed-point of the TSWT circuit is located on the
downstream end of the compressor, therefore, in addition to supporting the TSWT
circuit all thermal expansion/contraction of the ducting must be accomodated by
movement of the support structure struts.

The circuit dead weight load including all of the internals was added to the weight
of water required during hydrostatic testing to size the support columns. This total
load is nearly 40,000 tons.

There are 35 sets of two each support struts (70 total) for the TSWT circuit. The
support struts are a welded construction of A36 carbon steel. It is assumed that
the large diameter sections of TSWT ducting are situated in depressed areas
such that the tunnel centerline is only 17-ft above grade. Estimates for the
Supports were based on an average length of 20-ft. Estimated weight for the
entire lot of 70 struts is 706 tons. o

Interfaces for the TSWT support structure are as follows:
 Attachment to foundation mount plates (Interfaces with WBS 51 10)
* Attachments to tunnel pressure shell (Interfaces to WBS 5230)

5230 TSWT Pressure Shell

The TSWT pressure shell includes all of the tunnel ducting components which
comprise the pressure boundary of the TSWT circuit with the exceptions of the
removeable plenum, which is included in WBS 5520, the compressor section
which is included in WBS 5700 and the pressure isolation valves, which are
included in WBS 5310. Additionally, the large diameter shroud which structurally
supports the removable plenum/test section area between the nozzle and the
diffuser inlet is included in this WBS although it is not a pressure boundary
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component.

The TSWT pressure shell is designed in accordance with Section 8 of the ASME
Code for Unfired Pressure Vessels. Code stamp provisions apply. Key features
and performance capabilities of the TSWT pressure shell are as follows:

Table 5230.1 TSWT Pressure Shell Description

Parameter Description
Design pressure range 0.07 to 5 atm minimum
Dimensions
Flow centerline length 922 it;
maximum |1D o 51 ft
Minimum ID 18.5 ft near start of first diffuser
Tunnel Centerline Elevation 117.5 ft, (Site is 100 ft
AMSL)
Contraction ratio 13:1
Internal volume 1.1 million ft3
Maximum working pressure 90 psia
Minimum working pressure 1 psia
Average wall thickness 1.15in

Material Welded mild carbon steel, ASME
SA 516, Grade 70.

Coatings Interior and exterior surfaces are
painted

Weight 4770 tons empty

Security:- TEMPEST physiéal and EMI security inside plenum=— -~ -
isolation air lock boundary.

"Major interfaces for the TSWT pressure shell are as follows:

Connection clevis to column supports at shell are part of the shell.
(Interfaces with WBS 5220)

Attachment devices (brackets) for tunnel internals are part of the
shell. (Interfaces with WBS 5400)

Auxiliary interconnects to first external flange connection are part of
the shell. (Interfaces with WBS 3200,3400,& others)

Mating surfaces (upstream & downstream) for the removeable
plenum are part of the shell. (Interfaces with WBS 5520)

Mating flanges (upstream & downstream) for the axial compressor
stator casing are part of the shell. (Interfaces with WBS 5740)
Flange connection of seal assembly for drive shaft penetration
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through shell is part of the shell. (Interfaces with WBS 5720)

* Mating surfaces for the isolation valve pressure seals are part of the
shell. (Interfaces with WBS 5310)

+ Support structure for isolation valves is part of the isolation valve
assembly. (Interfaces with WBS 5310)

5300 TSWT PRESSURE ISOLATION SYSTEM

The TSWT is equipped with isolation valves to allow the test section/plenum to be
evacuated ( to ambient pressure) without depressurizing the rest of the tunnel

~circuit. Access to the test section for model changes is through two personnel
doors in the moving plenum. This access is included in the rolling plenum WBS
5520, therefore WBS 5320 is not utilized.

5310 TSWT Isolation Valves

This element consists of two horizontal sliding gate valves, each consisting of a 2-
in-thick circular-arc head with full edge flange. The valves are mounted on
horizontal rail carriages and are hydraulically powered through a double rack-
and-pinion drive on the sides. Salient features of the pressure isolation valves
are as follows:

« Size: Upstream - 40-ft high x 65-ft long (arc length)
Downstream - 20-ft high x 30-ft long (arc length)
» Weight: Upstream - 115 tons
Downstream - 50 tons
 Material: Welded mild carbon steel, ASME SA 51 6, Grade 70
» Rating: 90 psia maximum working pressure on either side.
1 psia minimum working pressure on either side.
» Seals: Active trapped continuous pressure seals on mating surfaces -
of pressure shell bulkhead in open and closed positions, Teflon seal
material, pressurized dry nitrogen activated.

Major interfaces for the TSWT isolation valves are as follows:
» Support structure connections to the pressure vessel. ( Interfaces
with WBS 5230).
« Inflatable seals to pressure bulkheads/surfaces (Interfaces with
WBS 5230)
 Hydraulic power unit connections to drive cylinders. (Interfaces with
WBS 5330)
5320 TSWT Access Door

A personnel access door is provided in the fixed part of the plenum
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5330 Hydraulic Power Unit

This element consists of a single hydraulic power unit for actuation of both
isolation valves. The unit is located outside of the tunnel pressure vessel with
penetrations to the drive cylinders. Preliminary sizing of the power unit is a 25 hp,
3000 psi system. :
Interfaces for the hydraulic unit are as follows:
« Penetrations through the pressure vessel. ( Interfaces with WBS
5230).
« Electrical power from Model Installation building electrical
distribution system. (Interfaces with WBS -
« Hydraulic power unit connections to isolation valve drive cylinders.
(Interfaces with WBS 5310)

5400 TSWT FLOW INTERNALS
5410 Turning Vanes

Each 90-deg comner in the TSWT circuit is equipped with solid plate turning vanes
to reduce corner losses and maintain flow quality. The turning vane cross
sectional shape is designed to prevent flow separation from the tumning vane
itself. The trailing edges are adjustable during construction/assembly to ensure
that the trailing edge flow vector is aligned to within 1-deg of the duct centerline.
The turning vane assembly is designed for infinite fatigue life in the
dynamic/acoustical environment anticipated in each corner.

Estimates for the TSWT tuming vanes are based on solid .75-in-thick circular-arc
section with trailing edge extensions: ‘A gap-to-chord ratio of 0.4 was assumed”
based on past experience. The total weight estimate for the four sets of vanes,
including horizontal stiffeners is 381 tons.

Major interfaces for the TSWT tuming vanes are as follows:
« Tuming vane attachment to pressure shell are part of shell
(Interfaces to WBS 5230)

« Drive shaft penetration through comer 2 tuming vanes (Interfaces to
WBS 5720)

5420 Honeycomb
This element includes a honeycomb section across the 51-ft-diameter stilling

chamber. The honeycomb section is part of the flow conditioning system to
assure the test section cross flow quality requirements ( flow angularity,
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pressure/Mach number distribution, and turbulence) are met. The honeycomb
shall begin approximately 4-ft downstream of the acoustical baffles.

Estimates are based on a stainless steel honeycomb construction with length-to-
diameter of 16. Cell alignment with the airstream centerline is less than 0.5-
degrees.

Major interfaces of the honeycomb element are as follows:
« Attachments to pressure shell are part of the shell (Interfaces with WBS
5230)
» Penetration through contraction section liner (Interfaces with WBS 5450)

5430 Screens

This element includes 3 screen pairs installed in the 51-ft-diameter stilling
chamber. The screens, in conjunction with the honeycomb and acoustic section,
assure that the test section cross flow quality requirements ( flow angularity,
pressure/Mach number distribution, and turbulence) are met.

Each screen set consists of a fine-mesh screen backed up by a course mesh
screen. Spacing between screen pairs is 4-ft.

Major interfaces of the TSWT screens are as follows:
« Attachments to pressure shell are part of the shell (Interfaces with
WBS 5230) ‘
» Penetration through contraction section liner (Interfaces with WBS
5450)

5440 Internal Heat Exchanger

The TSWT heat of compression is removed by a folded-type, multi-bundle, air-to-
water heat exchanger which is sized for the 260,000 horsepower drive. The heat
exchanger will maintain a tunnel total temperature of ambient plus 30-deg Ftoa
maximum of 130-deg F.

The heat exchanger is enclosed by the 51-ft-diameter pressure shell within a
length of 51-ft. Internal fairings divert the tunnel flow through the cooling bundies
and provide space for the supply and return piping. Cooling tubes are externally
finned and are arranged to permit easy draining for winterization. Supply and
return piping to the first flange inside the pressure vessel are included in this
element. The control system for the cooler is not included in this element.

Major interfaces for the heat exchanger are as follows:

 Mounting brackets for the heat exchanger components are part of
the pressure shell (interface with WBS 5230)
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o Water supply/return first flanged connections inside tunnel (interface
with WBS 5230)

« Instrumentation for control system is part of the process
instrumentation. (Interface with WBS 7570)

« Treated water for cooling is part of the cooling water supply element
(Interfaces with WBS 1330)

5450 Stilling Chamber Liner -

" The stilling chamber liner defines the flow contour from downstream of the
acoustical baffles (5470) to the upstream edge of the test section isolation valve.
The stilling chamber liner begins the internal flow cross sectional transition from
circular to the 11x15.5-t filleted rectangular test section. .

The liner is a welded carbon steel construction of nominal 1/2-inch skin thickness
with both circumferential and longitudinal support structure to the pressure shell.

Major interfaces for the stilling chamber liner are as follows:
« Attachment brackets for the liner are part of the pressure shell
(Interfaces with WBS 5230)
o Upstream isolation valve flow surface continuity (Interfaces with
WBS 5310)
« Penetrations for the flow conditioning screens and honeycomb are
part of the stilling chamber liner (interfaces with WBS 5420 & 5430)

5460 Plenum Evacuatibn System

The plenum evacuation system (PES) is used to increase the test section Mach
number by removal of mass flow from the flow stream in the test section. This
mass moves from the test-section through some configuration of slotted or = -
perforated walls in the test section wall. The mass flow is then pumped through a
compressor system and reintroduced into the tunnel flow stream in the cross leg
upstream of the compressor inlet (upstream of corner #2).

The PES has the capability of passing approximately 5% of the tunnel mass flow
at the design point (5 atmospheres and test section Mach No. of 0.95). The PES
is comprised of a suction bell mouth, an 18 foot diameter suction duct, suction
isolation valve, a series of three axial flow compressors in parallel, cooling coils, a
16 foot diameter discharge/return duct, a discharge isolation valve, and the
reentry annulus. The compressors are multi-stage, axial flow compressors. Each
compressor is capable of passing 33% of the required flow (or all three
compressors are required for 100% operation). The compressors are capable of
a minimum suction pressure of approximately 0.5 psia up to a maximum suction
pressure of 45 psia. The maximum compressor discharge pressure is
approximately 80 psia. The compressor requires approximately 100,000 shaft
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horsepower. This service will be provided from the TSWT main substation.

Each compressor discharge duct utilizes an air to water finned tube heat
exchanger capable of removing the input horsepower of that compressor. The
primary purpose of the heat exchanger is to remove the heat of compression.

The PES utilizes a suction duct approximately 18 feet in diameter with a radiused
bell mouth type collector. The connection point for the suction, is to a fixed
section of the plenum (i. e., a permanent section of the tunnel). The compressors
are located external to the tunnel circuit but within the confines of the TSWT
acoustic enclosure. The flow is ducted approximately 350 feet to the compressor
inlet. A hydraulically actuated, high performance butterfly valve (18' diameter
wafer type valve) is used as a suction isolation valve. The compressor discharge
is manifolded together in a 16' diameter discharge duct, with a hydraulically
actuated, high performance butterfly valve for discharge isolation. The PES
system will incorporate a number of smaller lines and valves for pressure trim,
blowoff, and compressor bypass. These features were not incorporated in the
design as of yet.

The major interfaces for the PES system are as follows:

Electrical power - The interface point is where the power cable is
connected to the switch gear.

Controls - The controls for initiating the PES system (i. e., turning on
the compressors) will be from the tunnel control room. In addition,
the integrated control of the PES, which includes the smaller
bypass/blowoff systems, the number of PES compressors used,
variable inlet guide vanes, etc. will come from the tunnel control
room. The interface point is not clearly defined at this point. A
suggested location would be a local terminal panel where the
distributed control system would have a local drop that would then ..
be connected to the various components.

Cooling water - Cooling water is used in the cooling coils. The
interface point is a flanged connection external to the duct shell.
The cooling system includes the manifolding and all balancing
valves. The interface points are the flange connections at the
manifold inlets and outlets.

Tunnel shell - the tunnel shell includes the bell mouth and the
suction duct up to and including the upstream flange of the suction
isolation valve. The tunnel shell also includes the annular reentry
shell and the discharge duct back to and including the downstream
flange of the discharge isolation valve (see WBS 5230).
Foundation - The foundation includes the slab and all piles. The
foundation includes a raised pad with anchor bolts. The interface
point is where the component, duct, pipe suppon, etc., fits over the
anchor bolt.
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« Noise - this is a "non-contact® type of interface. The PES
compressors will be the source of a large amount of noise. The
adjacent structures will need to consider the addition of a large
amount of acoustic insulation to minimize the noise propagation.

« Distribution system - the piping distribution system includes the vent
silencers. The PES blowoff components will need to discharge into
a duct somewhere (still TBD) so that the discharge can be routed
through an exhaust silencer prior to discharge to the atmosphere.

5470 Acoustic Baffles

This element consists of seventeen vertical baffles uniformly spaced across the
51-ft stilling chamber just downstream of corner 4. Each baffle is 1.5-ft thick by
13-ft long with a cylindrical leading edge and tapered trailing edge. The tapered
trailing edge is designed to preclude trailing edge separation. The exterior of each
baffle is a perforated plate. The interior of each baffle is filled with an acoustical
absorbing material.

Major interfaces of the acoustic baffles are as follows:
. Mounting brackets for the acoustical baffles are part of the pressure
shell ( Interfaces with WBS 5230)

5480 Contouring Nozzle

This element is a two-dimensional flexible walled nozzle. The nozzle is 50 feet in
length, with a 31-by-11-ft rectangular entrance area and an 15.5-by-11-ft
rectangular exit area. The nozzle is capable of providing aerodynamic countours
for establishing test section Mach Numbers up to M=1.5 in 0.025 increments.

The nozzle section support structure is of weldéd carbon steel construction "
using circumferential and longitudinal members attaching to the pressure shell.
The flexible sidewalls are constructed of stainless steel plates with the minimum
number of jacking stations required to provide the aerodynamic contour. Based
on the Ames 11-ft tunnel nozzle design it is expected that 2 to 3 jack stations will
be adequate for this purpose.

Major interfaces for the contouring nozzle are as follows:

« Attachment brackets for the nozzle are part of the pressure shell
(Interfaces with WBS 5230)

« Upstream isolation valve flow surface continuity (Interfaces with
WBS 5310) '

« Test section flow surface continuity (Interfaces with WBS 5510)

« Nozzle controls wiring attachment to the position feedback device.
(interfaces with WBS 7730)
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5490 Compressor FOD Screens

This element includes a protection system for the compressor from damage by
foreign objects in the air stream. The system is capable of stopping large objects
with impact energies up to 400,000 ft-Ibs as well as small screws and nuts.

Two separate structures are provided to meet the FOD protection requirements
for the TSWT compressor. A large heavy duty screen with crushable grid
sections and shock-absorbing impact bolt elements is located in the downstream
portion of the tunnel cross-leg between Corners 1 & 2 to "catch” large, high-
energy objects. A light-duty screen is attached to the upstream side of the Corner
2 turning vane structure to stop small objects, such as bolt heads prior to entering
the compressor section. The heavy-duty screen is located in a 28.5-ft-diameter
ducting section.

Major interfaces for the compressor FOD screens are as follows:

 Attachment brackets to the pressure shell are part of the pressure
shell (interfaces with WBS 5230)

Light-duty screen attachments to the Corner 2 turning vanes are part
of the vanes (Interfaces to WBS 5410)

54A0 Choke System

This element consists of a choke system which is installed downstream of the test
section and upstream of the high speed diffuser in a constant cross sectional
area. The choke system is used in the Mach number range from 0.3 to 1.0 to
provide better control of tunnel conditions during model movement transients.
The ancillary benefit is that the choke prevents air bome sound waves from .

moving up stream into the test section.

The choke system has six tapered fingers on each sidewall which extend into the
airstream to varying lengths to choke the tunnel flow. Trim tabs are located
downstream. This choke section includes ali of the support structure to the shell.

Major interfaces for the choke system are as follows:

» Mating surface to the High speed diffuser liner (Interfaces with WBS
54B0)

» Mating surface to the test section (Interfaces with WBS 5510)

e  Attachment brackets to pressure vessel are part of the pressure
vessel (Interfaces to WBS 5230)
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54B0 High Speed Diffuser Liner

The high speed diffuser liner begins at the downstream end of the rear test
section isolation valve and ends at its intersection with the pressure shell portion
of the diffuser. The liner provides the transition from rectangular to circular cross
section. It also contains sufficient vents to the cavity containing the isolation
valve mechanism to prevent significant pressure loads across the liner during
changes in tunnel pressure. The vents are incorporated so as not to contribute to
diffuser separation.

The high speed diffuser liner is a welded carbon steel construction of nominal 1/2-
inch skin thickness with both circumferential and longitudinal support structure to
the pressure shell. : : :

Major interfaces for the high speed diffuser liner are as follows:

. Attachment brackets for the liner are part of the pressure shell
(Interfaces with WBS 5230)

« Downstream isolation valve flow surface continuity (Interfaces with
WBS 5310)

54C0 Tunnel Cleaning System

Six-inch penetrations for removing cleaning fluid are provided in the tunnel shell
at the following locations: Stilling Chamber - downstream of the acoustical
baffles, downstream of the honeycomb, downstream of each screen (Note the
drains downstream of the honeycomb and screens must also penetrate the stilling
chamber liner); Corners: one penetration upstream and downstream of each
comer; Heat exchanger - one penetration each at the upstream, middle and

. downstream end; Cross leg ~one penetration half- way between comers S-and 4 - -

The inside penetration are flush with the interior surface and equipped with a
cover to prevent the penetration from becomming a acoustic noise source. The
exterior penetration terminates with a flange connection.
Major interfaces for the tunnel cleaning system are as follows:

« Flange connection to cleaning system (Interfaces with WBS 3610)
5500 ° PLENUM/TEST SECTION
5510 TSWT Test Section
The TSWT test section has a cross section of 11-ft high and15.5-ft wide. The test

sections have adjustable remotely-controlled side walls to compensate for wall
boundary layer growth as a function of test conditions. The TSWT is provided
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with four complete test sections as follows:

Table 5510.1 TSWT Test Section Types

Quantity Description Wall type Test types supported
2 Rear sting support Slotted ¢ Aerodynamic/sting
strut mount
1 Rear sting support Acoustic | e Aerodynamic/sting
strut mount
* Acoustic/sting mount
1 External floor balance | Slotted w/ | o Aerodynamic full model
solid floor on pod mount
option ¢ Aerodynamic half model
on turntable floor mount

The test sections are automated with their own roller and drive system for
installation into the moveable plenum and maneuvering within the preparation
areas.

Major interfaces for the TSWT test section are as follows:

e Moveable plenum WBS 5520 (Multiple interfaces)

» Test preparations and control building WBS 2110 (Multiple
interfaces)

» Nozzle exit WBS 5480, alignment of flow surface

- Diffuser choke section WBS 54A0, alignment of flow surface

5520 Moveable Plenum

The moveable plenum for the TSWT is a 38-ft-diameter cylindrical spool section -

which encloses the test section. The moveable plenum mates to the nozzle exit
and the diffuser inlet to complete the pressure boundary of the TSWT circuit. The
plenum element also includes all of the plenum internals which support the test
section , including the rails on which the test section rides. The moveable plenum
has an integrated electric motor driven cart system to transport between the
tunnel and the mode! assembly building.

Requirements for productivity in the TSWT facility require that the design of this
element include a full scale mock-up of the moveable plenum and interfacing
companents to verify the concept. In addition, a sub-scale working model will be
constructed and tested to demonstate operability of the sealing / moving
techniques.

Major interfaces for the moveable plenum are as follows:
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. Test section elements WBS 5510 (multiple interfaces)

« Pressure shell WBS 5230, seals on both upstream and downstream
ends are part of the plenum.

. Test preparations and control building WBS 2110 (multiple
interfaces)

5530  Observation System

This element consists of optical quality in-wall viewing ports and mounts for
CCTV, movie and still cameras, lasers, thermographic cameras, etc. as required
for monitoring TSWT test articles.

Major interfaces for the observation system are as follows:

« Video equipment provided in WBS 7220

. Mounts attach to test section elements WBS 5510

. Viewing ports are attached to the test section elements WBS 5510
5540 Preparation Hall Shuttie Cart
This element consists of a rail mounted hydraulic or electrical powered cart to
transport the test section components between bays and to and from the parking
area.
Major interfaces for the preparation hall shuttle cart are as follows:

« Test preparations and control building WBS 2110 (multiple

interfaces)
« Test section elements WBS 5510 (multiple interfaces) -

5600 TSWT TEST SUPPORT EQUIPMENT

5610 Model Support

The rear sting model support is included with the test section in WBS 5110
5620 Floor Mounts

Provisions are included for strut mounted or pod mounted models. This work
element provides the interface for floor mounts only. The floor plates and

turntable are provided in WBS 5110. The struts and pods are provided in WBS
7440.
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5630 Half Model Mounts

Provisions are included for testing of half-span models in the TSWT test section.
This work element provides the interface for the floor mount only. The floor plates
and turntable are provided in WBS 5110. The external balance is provided in
WBS 5650. .

5640 Stings and Booms

(incorporated into WBS 7440)

5650 TSWT External Balance

This work element consists of a pyramidal external balance with turntable. A
lifting rig is provided to install the balance in the cart. Provisions are incorporated
to perform the primary combined loading calibration in the cart. In addition,

provisions are included to perform daily validation on each load element.

Design maximum loadings for the external balance, referenced to the center of the
test section, are as follows:

o Lift 70,000 #
o Drag 25,000 #
« Side 20,000 #
e Pitching Moment 75,000 ft-#
» Rolling Moment 40,000 ft-#
* Yawing Moment 75,000 ft-#

For semi-span testing the models will be mounted on the turntable. The maximum .
aerodynamic loads, referenced to the test section floor are:

Lift 70,000 #
Drag 25,000 #
Side 10,000 #

Pitching Moment 75,000 ft-#
Rolling Moment 350,000 ft-#
Yawing Moment 75,000 ft-#

Major interfaces for the TSWT external balance are as follows:

 Attachments to the moveable plenum are part of the moveable
plenum (Interfaces to WBS 5520)

 Interface for half-model mounts are covered in WBS 5630

* Interface for floor mounts are covered in WBS 5620
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. Interfaces to the test section floor are part of the test section floor
(Interfaces to WBS 5510)

5660 Other Test Support Equipment
(incorporated into WBS 7440)
5700 TSWT COMPRESSOR AND DRIVE SYSTEM

The Transonic Wind Tunnel (TSWT) Drive System provides the shaft power and
the compressor produces the TSWT air flow. The primary components are the
motors, motor control system, compressor (fan) and related components which
interconnect these elements into the TSWT drive train. The motor feed current is
provided by the yard Electrical Power System (WBS 1400). The motors,
shafts/bearings/seals which interconnect the motors into a drive train for the main
compressor, and the lubrication/cooling systems for the drive motors are the major
components. The performance requirements, physical arrangement and
characteristics of the drive system are a product of the design and will flow from
the aerodynamic performance, productivity and test unit reliability specified for the
TSWT complex. Common design features and interchangeable equipment shall
be used to the maximum extent practical throughout the TSWT/LSWT complex.
Realistic utility ramp rate control issues shall be assumed for the chosen site and
Electrical Yard Design when developing the peak instantaneous drive system
“accelerations/deceleration in response to TSWT performance demands.

The major compressor components are the rotating and stationary compressor
hardware, including the compressor case which will complete the Pressure Shell
and provides the structural load path to connect the compressor to its foundation,
WBS 5210. The performance requirements flow down from the TSWT:
aerodynamic; flow quality;acoustic and productivity requirements. The'Mach = ="
number / total pressure design point will set the maximum power requirements,
‘the maximum required Mach number condition will set the pressure ratio
requirements in conjunction with the maximum required model drag and the tunnel
circuit resistance. The acoustic requirements are expected to be a major factor in
the compressor design.

The detailed description and interface definitions are given at the fourth tier level.

5710 Rotor, Hub, and Blades

Provides the TSWT primary axial flow compressor shaft, structural mounting discs
for the rotating blades and the rotating blades. The anticipated concept has fixed
pitch rotor blades with the machine's variable geometry provided by the
stators/IGVS/EGVs of WBS 5740. The stators are controliable with active control
inputs from WBS 7730, Controls - TSWT. The IGVs and EGVs are adjustable but
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are expected to be kept in a fixed configuration for most operations once the
facility checkout and calibration is complete. The blade and hub design shall
readily allow repair and blade replacement to support high productivity. Provides
120 % spare blades, 110% of the spares are to be manufactured after
performance acceptance of the compressor installed in the TSWT.

The rotor shaft interfaces with the two journal type bearings and the thrust bearing
at the surface of rotation with the rotating surfaces the boundary of this work
package and the adjacent stationary surfaces included in the bearings of WBS
5720. The drive shaft and related coupling fittings of WBS 5720 will interface at
the first non-removable parting surface between the compressor shaft and the
motor drive train. This work package will provide five (5) instrumented blades for
each row which have been calibrated to provide maximum bending and torsional
stresses. The instrumentation provisions to provide four channels of strain gage
data channels per row plus four additional channels of rotor data to the tunnel
shell are also included in this work package and these data channels will be
interfaced with WBS 7580 (Process data instrumentation) extemal to the
compressor shell. Only limited physical interface with the nacelles and supports
of WBS 5730 and the stators/IGVS/EGVs WBS 5740 are expected but seals,
critical tolerances and integral design requirements for compressor performance
will require extensive interface during the design and installation of the
compressor. The Lubrication and Cooling (WBS 5750) requirements will be
provided by 5750 with the interface point at the bearing penetrations for lif/lube
oil connections.

5720 Shafts/Bearings/Clutches

Provides the drive train components which interconnect the motors (WBS 5760)
and mechanically connects the motor output to the tunnel circuit fan (compressor)
for the TSWT. The major.components of the package are the drive train.shaft.. .. .
segments, couplings, bearings, clutches and directly related equipment. The
drive train elements are required to transmit the full overload rating of the drive
system on a routine basis, but will likely be size based on maximum torque load
for emergency stops and/or maximum acceleration. The couplings / clutches and
mating interface surfaces are to be of common design for all motor interfaces. In
addition to the hardware required to complete the drive train, a spare rotor which
is physically and functionally interchangeable with any of the TSWT/LSWT main
drive motor rotors is included. The drive train / coupling design is required to
allow for the thermal expansion, relative movement and vibrations between the
drive motors and TSWT compressor.

Eleven journal bearings and a single thrust bearing are anticipated, but the
compressor design may result in a different configuration. All bearings shall be
designed with slingger rings or a similar devise to allow safe shutdown in the
event of a lube system failure. The bearings are required to operate at the full
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range of TSWT conditions without loss of oil into the tunnel. Provides 50%
replacement bearing inserts, two spare bearing housings and one complete spare
coupling assembly.

A turning gear system is provided on the compressor side of the motor coupling
closest to the compressor. The turning gear, two speed: 1 rpm for shaft run out
and 1/6 rpm for maintenance, requires sufficient torque and braking for safe
operations with the maximum rotor blade imbalance configuration.

The bearings will provide the stationary surface adjacent to the rotating surfaces
of the rotor WBS 5710. The lubrication and cooling for the bearings will be
provided by WBS 5750 and will interface at the first physical connection point
external to the bearing case. The bearing design shall integrate the
instrumentation provided by WBS 7580.

The coupling / clutch interface is required to mate with the appropriate motor rotor
(WBS 5760) interface surface. All needed bolts and fittings required to complete
thé connection with the motors and associated couplings, clutches and
compressor hub shaft (WBS 5710) are included in this work package. The
bearing foundations external to the tunnel shell are included in the TSWT Drive
Building, WBS 2220. Lift/ lube oil and related coolers interface at the
penetration to the respective bearing case, with the piping and related hardware
provided by WBS 5750, TSWT Lubrication and Cooling Systems. Health
monitoring and diagnostic instrumentation will be provided by the Process
Instrumentation work package 7580. Provisions for the integration of the WBS
7580 instrumentation will be made during the detailed design of each appropriate
component of WBS 5720. The major shaft component(s) will almost certainly be
the link between the bearing closest to the tunnel pressure shell and the
compressor rotor hub. The seal around the shaft at the pressure shell penetration
point will be included in this work package and will interface with the tunnel sheit~ -
at a mating flange surface provide (WBS 5230) for this purpose.

5730 TSWT Nacelles/Fairings and Supports

Provides the aerodynamically contoured shell (teardrop shape) around the
compressor hub and an symmetric airfoil fairing around the drive shaft of WBS
5720. The drive shaft fairing attaches to the pressure shell at the drive shatt
penetration and extends through the turning vanes to the nacelle fairing. The
primary supports of the compressor both forward and aft of the rotor blades
constitute the principle load path for the compressor loads. The aerodynamic and
structural requirements for these components are major factors in the compressor
design effort. The required seals and directly related hardware to make the
nacelle an effective aerodynamic shape are included in this package.
Requirements for low turbulence and acoustic testing demand greater than
normal care in the aerodynamics contouring of these fairings. The design and
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fabrication approach are likely to be affected. Maintenance and accessibility
require special considerations if required productivity is to be attained.

The rotating portions of the nacelle attach to the rotor shaft and the interface is at
the removable joint closest to the center of rotation with all fasteners provided
with the fairings under this work package. The non-rotating portion of the nacelle
will attach to the supports and provide the center body attachment for the
stators/IGVS/EGVs of WBS 5740. The interface with movable or adjustable
components will be at the removable joint which separates the movable surface
from the stationary elements. All stationary surfaces and mounting provisions are
included in this package and all movable hardware and related fittings and
fasteners are provided by WBS 5740.

The supports which provide the primary structural load path for the compressor
loads interface with the pressure shell, WBS 5230 at the contour intersection
between the two components unless the structural and fabrication approach
indicate a more logical interface. The rotor end of the supports interfaces at the
mating surface for the rotor bearings. The attachment provisions for the bearings
are included herein and all fasteners and fittings are provided by WBS 5720.

The shatt fairing will interface with the pressure shell, WBS 5230 and turning
vanes, WBS 5410 at the contour intersection between the two components
unless the structural and fabrication approach indicate a more logical interface.

5740 Compressor Case Stators/IGVS/EGVs

Provides the pressure shell, structural mounting rings, stators, inlet guide vanes
and exit guide vanes for the compressor. As with all the other work packages in
5700, the design of the elements of this work package are highly interactive and
must be designed integrally if a satisfactory machine is to.be built.. The design . .
and integration of these elements must accomplish the acoustic, aerodynamic and
energy efficient objectives of the TSWT and provide maintenance and operational
concepts which support long term productivity and LCC objectives. Fail-operate
provisions will be incorporated in all controllable surfaces to the extent practical.
Fail-safe provisions are a firm requirement. All adjustable and controllable
components include sufficient position indicators to record compressor
configuration during all operation via the TSWT Process Instrumentation, WBS
7580. The case shall provide a compressor access maintenance door to the
compressor which functionally provides access similar to the provisions in the
AEDC 16S C3 and C4 Compressors. The door is required to operate at all pre
and post operational shell temperatures and shall open or close in no more than
15 minutes on a routine basis. Removable hatches are required directly over the
compressor bearings of sufficient size to allow bearing removal. Fixtures and
tools to support bearing assembly and replacement are included.
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The Compressor Case interfaces with the pressure shell at mating flanges
located perpendicular to the compressor axis of rotation. The upstream flange is
a minimum of one foot upstream of the upstream edge of the upstream
compressor bearing support and the downstream flange is one foot downstream
of the trailing edge of the down stream compressor bearing support trailing edge.
The mating surface flatness and alignment specifications shall be specified by
pressure shell design of WBS 5230. The fasteners and mating hardware/seals
are included in this work package.

The stators/IGVSs/EGVs interface with the Nacelle, WBS 5730, at the movable
interface to the fixed surface, with all mounting hardware and fittings provided by
this work package. This package provides all design provisions for integration
and installation of the position indicators and structural instrumentation for the
components included herein. The sensors and related instrumentation for the
stators, IGVs and EGVs will be provided by WBS 7580 and integrated into the
TSWT Process Instrumentation System. The detailed instrumentation
requirements and interface drawings are provided by this work package. Routing
provisions, piping and related fittings to deliver lift and lube oil from the
compressor case outer surface to the bearing housings are provided by this work
package. Interfaces are the case penetrations of the bearing housings and the
first physical connections outside the pressure shell or each line.

5750 Lubrication and cooling systems

Provides the lift/lubrication and cooling systems for the rotor bearings and main
drive motor bearings of the TSWT. Water to oil heat exchangers for bearing
liftlube systems are included, as well as the related components needed for
control and safety provisions. The design to properly size and locate the
required equipment shall consider the LCC of maintenance and operations as well
as the trade studies for construction cost. To the maximum extent practical, the
components and subsystems used throughout the TSWT/LSWT complex shall be
of common design and interchangeable. To facilitate maintenance and handling
functions, the equipment included in this work package will be located below the
main drive motor floor level. Cost/ design trades are to determine the merits of
large central systems verses smaller distributed subsystems through out the
complex both LCC and reliability requirements must be included. High value
equipment protection and reliability of total system performance are the major
design requirements.

The bearing lift and lubrication systems and related heat exchangers, controls
and pumps interface with the bearings at the physical connection closest to the
bearing case/housing. All piping and fittings are included in this package.
Electrical power and cooling water will be provided to all equipment in this work
package by appropriate distribution systems in WBS 2220. The installation wiring
and plumbing is included in this work package for the connection of these systems
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to normal distribution points for electrical and cooling water utilities in the TSWT
Drive Building, WBS 2220. Design requirements for equipment size, access and
utilities will be input to the requirements of WBS 2220. Design loads for the
cooling and lubrication requirements will be input from WBS's 5760 and 5720 and
cooling loads will be input to WBS 3400, Cooling System. The required
equipment includes 25% spares for pumps, valves and controls which are
common to all similar systems. .

Unless impractical, the journal bearings of WBS's 5760, 5720, 4720 and 4760 are
all required to be physically and functionally interchangeable. )

5760 Motors

The motor sizing and design are defined by the TSWT performance requirements
and projected compressor design performance. The design continuous duty
rating shall be 1.05 of the projected required shaft horsepower rating needed for
the TSWT design point performance. An intermittent duty cycle is required at
1.20 times the continuous duty cycle level for up to one hour with a one hour
synchronous speed cool down at or below the continuous duty cycle maximum
power level. All TSWT motors shall be of common design, physically and
functionally interchangeable. Major components should be interchangeable to the
extent practical based on Life Cycle Cost considerations.

The motor drive system shall be able to deliver at least 75% of peak power to the
TSWT on a continuous duty cycle with one motor removed for major maintenance
or repair. The motor, drive shaft, building and support equipment shall provide
the ability to remove any main drive motor from the TSWT Main Drive Train and
install a replacement motor to reestablish drive capability within 24 hours.

The motors interface with the Motor Controls (WBS 5770) at the closest physical
connection point to the motors. The electric requirement specifications are
quoted for that interface point. The drive motor foundations are included in WBS
2220, TSWT Drive Building. Cooling air provisions for the motors are required in
the design of these foundations. The motor bearing lubrication and related
cooling are provided by WBS 5750 with the interface point at the motor housing
penetration/flange. The rotors will interface to the drive train components (WBS
5720 Shafts/Bearings/Clutches at the parting surface of a coupling flange at both
ends of the rotor shaft. A common flange configuration is required for all drive
motor couplings. The coupling hardware (bolts, pins. etc.) are included in the
WBS 5720 definition. WBS 5720 includes a journal type bearing to support each
end of the rotor shaft. The interface surface is defined as the surface of rotation,
i.e. the rotating shaft is part of the motor and the stationary bearing surface is
included in the bearing package.
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5770 Motor Controls

Provides the variable frequency start system and sub synchronous speed control
system for the TSWT Main Drive Motors, WBS 5760. The major components of
the system includes the switch gear, harmonic filters and redundant power
conditioning and directly related equipment. A major portion of the equipment will
be located outdoors in the Station No. 1 area adjacent to the 138/13.8 kV
conversion equipment of WBS 1400. All equipment must be provided with its own
weather protection and sufficient environmental conditioning provisions to ensure
reliable operations and most economical LCC. The primary design requirement is
to accelerate to any desired speed above 5% of synchronous speed and maintain
that speed + 1 rpm indefinitely. The total drive train is required to accelerate to
any demand speed in two minutes or less and stabilize at the demand speed
within 10 seconds.

The Motor Controls system receives input power from the power conversion
equipment in the Yard Electrical Power System, WBS 1400. The 13.8 kV input
interfaces at the first physical connection point inside the initial enclosure(s) for
the equipment in this work package. The output interface is the physical
connection to the motors nearest the motor case/housing. All interconnections
within and between elements of the Motor Controls equipment are included as
part of this work package. The demand/set point control input to this equipment
comes from WBS 7700 and the signal will is to the appropriate location for input
to this equipment. Concrete pads for the installation of the Motor Controls system
equipment are included in the WBS 1400 (Yard Electrical) requirements.

5780 Gearboxes
The éurrent concept does not require any TSWT Main Drive Train gearboxes.
5800 TSWT ELECTRICAL CONTROL SYSTEMS AND DATA ACQUISTION

Data and Control Systems of WBS 5830 and 5840 have been transferred to WBS
7730 and 7230 respectively. The remainder of 5800 consists on of miscellaneous
Electrical Equipment and Materials associated with the installation of the Drive
Motor and Motor Controls of WBS 5860 and 5870 into the Wind Tunnel Drive
Buildings of WBS 2200.

5900 TSWT CHECKOUT AND VALIDATION

The checkout and validation of the TSWT encompasses integrated system
checkout through facility calibration phases. Sub-system and system level
component checkouts are accomplished as part of the respective component
WBS elements. Beginning with the integrated system checkouts, accomplishment
of the TSWT checkout and validation phase provides a usable production test
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facility ready for customer testing.

5910 Checkout

The TSWT checkout is initiated when all of the system-level component checks
have been completed and any significant deficiencies, identified in the process,
have been corrected. An Integrated Systems Review (ISR) will be conducted to
validate readiness prior to initiation of the integrated system testing of the TSWT
facility. The integrated system testing matrix shall include operation of the facility
to the boundaries of the performance envelope to determine/document the safe
limits of the facility operation. A tiered approach to integration of the system
testing requirements will be utilized to ensure equipment/personnel safety during
checkout.

A comprehensive checkout plan which describes the required elements of TSWT
integrated system testing will prepared as part of this work element.

Correction of significant deficiencies identified during the checkout phase are not
part of this WBS element, however required activities such as tuning of control
systems and minor equipment adjustments are included.

5920 Validation/Calibration

Validation/calibration of the TSWT facility includes the activities associated with
the measurement of the test section flow parameters over the range of facility test
conditions to (1) validate compliance to requirements (flow quality, performance,
etc.) and (2) provide a basis for the development of the test section calibration.
This work element includes all labor, materials and utilities required to conduct
the TSWT validation/calibration from planning through calibration.

An Operational Readiness Review (ORR) is conducted prior to the initiation of
validation/calibration testing in the facility. The ORR provides a comprehensive
assessment of the facility, equipment, procedures, staffing.and overallreadiness ..
for initiation of validation/calibration testing.

Consistent with the checkout phase, deficiency correction other than minor tuning,
is not included in this work element.

5A00 PRODUCTIVITY ITEMS -

This work element provides all of the equipment required to maintain the
productivity of the TSWT facility during normal operations. The equipment will
include all of the routinely replaced parts which can fail and must be available for
rapid replacement.
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7000 OPERATIONS (LSWT/TSWT

7100 CALIBRATION

The site shall have the capability to systematically functionally check and
calibrate, as required, in a hierarchical manner beginning with each functional
component and proceeding to each subsystem assembly and final complete
system/facility calibration. Performance and uncertainty standards shall be
contained in the individual component/system specifications.

7110 Auxiliary Process System Calibration

Auxiliary process systems consist of the high pressure air system, tunnel
pressurization system, tunnel vacuum system, and heat exchanger system. Each
of these systems will be functionally/performance verified during
shakedown/checkout of each system. No special hardware or instrumentation to
perform such checks are anticipated. Process instrumentation for the auxiliary
systems is included in WBS 75B0.

7120 Airflow Calibration Laboratory

The airflow calibration lab shall house the equipment and capability to calibrate
blowing nacelles, engine simulation nozzles, turbine powered simulators, and inlet
ducts for mass flow, thrust, and drag at conditions duplicating the static pressure
environment of the tunnels. An air source of up to 40-Ib/sec at 3000 psi and
400°F regulated down to 0.2-lb/sec, 5 psia, 80°F shall be provided. The air lab
shall also contain instrumentation and data reduction equipment to completely
calibrate each device and process the calibration data to produce a calibration
algorithm for each device. The data process computer shall be connected by LAN
to the tunnel data reduction computer in order to electronically download the - '
calibration algorithm.

Interface: 7120 interfaces with 3200 which supplies high pressure air and
vacuum (It may be wise to provide an independent vacuum source for this lab),
with 7200 which provides the instrumentation, process-control/data-
acquisition/data-processing computer and LAN connection.

Assumption: The airflow calibration chamber shall be capable of holding
pressures ranging from 5-atm to 1-psia and contain airflow and force
measurement systems. Assume the outside chamber dimensions to be 6-ft
diameter, 18-ft long with two internal bulkheads. The first bulkhead isolates the
inlet flow from the inlet-plus-jet/turbine flow and contains the mounting structure,
six component balances (2), high pressure air piping to the device being
calibrated, pitching moment counter-balance, and force isolation bellows for the
device under test. The upstream portion of the chamber contains penetrations
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and flow conditioning screens to provide inlet flow to the devices. The second
bulkhead contains calibrated venturis sized in geometric progression to
accommodate the mass flow range requirement. Flow conditioning devices are
contained between the two bulkheads to provide undisturbed flow entering the
venturis. Two airflow regulation systems are required. The first supplies
relatively low pressure, ambient temperature air to provide inlet flow to the device
being calibrated (TPS, inlets, etc.). The second regulates the high pressure,
heated air which drives the TPS turbines, supplies the blown nacelles, or supplies
the engine simulation nozzles.

Inlet air will be supplied to the simulator, nozzle, etc., through a bell mouth that
incorporates variable exit areas and flow conditioning screens. The pressure
vessel is pressurized from a facility high pressure air source while the low
pressure in the exit chamber may be created with high pressure ejectors inside
venturis. The high pressure air ejectors would also be driven by facility high
pressure air and, with the venturis, comprise the air ejector vacuum system. The
model is mounted, by a common flange, to a model support frame, which is, in
turn, mounted to a pair of balances. The balances will be stiff in the normal force
direction, to support the model's weight, but relatively weak in axial force to allow
for precise measurement of drag and thrust. Al air will be transferred across
metric breaks with bellows arrangements. The entire balance mount and
compensation bellows assembly will be contained in the pressure vessel, with
access doors and windows included in the facility. The pressure vessel will have
at least one large flange joint (equal to the major diameter of the vessel) at or
near the model mounting location, to allow for model installation and removal of
the model mount and compensation assembly for servicing. In the event of a
turbine powered simulator failure, the pressure vessel may experience a rise in
internal pressure and will, therefore, include pressure relief valves or a rupture
disk.

7130 Balance Calibration Lab

The balance calibration lab will provide the equipment necessary to accurately
calibrate all strain-gage balances and force transducers that will be run in the
LSWT and the TSWT. In addition, the lab shall aiso accommodate and contain
the equipment for calibration of hinge-moment, wing bending, fin load, etc.,

gages. It is intended that the primary calibration of the external balances be
accomplished in the carts at infrequent intervals, but the balances will be provided
with automatic check-calibrate load cells for daily calibration verification. The
external balance load cells shall be calibrated in the balance calibration lab with
dead weights or by a certified outside meteorological lab. Cost estimates include
two automatic calibration machines, two manual calibration stands, and
associated support hardware. Expense of the automatic calibration machines can
greatly vary depending on the type and quality of the systems. Included estimates
are based on state of the art, high quality machines. One automatic calibration
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machine will provide the following load capacity:

Lift 81,000 Ib.
Drag +18,000 Ib.
Side +7,000 Ib.
Pitching Moment ~ +41,000 ft-Ib.
Rolling Moment +37,000 ft-Ib.
Yawing Moment  £19,000 ft-Ib.

These loads satisfy the maximum expected aerodynamic loads for internal

balances in either wind tunnel. However, a large majority of tests will not reach
these loads. Therefore, the second automatic calibration machine was estimated
with the reduced load capacity listed below.

Lift 120,000 Ib.
Drag +12,000 Ib.
Side +7,000 Ib.
Pitching Moment  +25,000 ft-Ib.
Rolling Moment +20,000 ft-Ib.
Yawing Moment  +19,000 ft-Ib.

The automatic calibration machines will provide good accuracy (>0.1% of load),
excellent repeatability (> 0.01% of load), and timely calibrations (< 8 hours for
1000 combined loadings). However, dead weight calibrations performed in the
manual calibration stands will provide the greatest accuracy. Both stands could
be used to calibrate internal balances for test purposes or for use as the
standards for the automatic calibration machines. The large stand may also be
used to calibrate the external balances that are mounted on movable carts. The
large stand would be designed for the following load capacity: - -

Lift +115,000 lb.
Drag +24,000 Ib.
Side +20,000 Ib.

Pitching Moment  +94,000 ft-Ib.
Rolling Moment  +840,000 ft-Ib.
Yawing Moment  +118,000 ft-lb.

The small manual stand would have the same load capacity as the large
automatic calibration machine. Associated support hardware contains items such
as: calibration fixtures, adapters, themmal test equipment, overhead crane, forklift,
signal conditioning and data systems, actuators, hangers, levels, inclinometers,
optical alignment equipment, hand tools, ring and plug gages, taper gages,
surface table, dial indicators, verniers, gage blocks, microscope, and storage
cabinets.
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It should be noted that dead weight calibrations are the most accurate calibration
method and therefore the method used for cost estimation. However, dead weight
calibrations are time consuming. An aiternate method would be to use hydraulic
actuators and load cells in place of the dead weights. This method could be semi-
automatic and thus reduce the time of a dead weight calibration. Concerns would
include increased structural capacity where the hydraulic actuator is grounded,
and diminished accuracy due to load alignment and vibrations input from the
hydraulic system or the actuator ground. Costs of a hydraulic system should be
comparable to a dead weight system.

7140 Structural Calibration Lab

This laboratory will contain necessary equipment to support modal analysis of test
models in the assembly bays.

7150 Instrument Calibration Lab

This facility will provide the service, repair, and calibration support for
measurement and control instrumentation utilized by the LSWT and the TSWT.
The calibration services shall include the disciplines of force, force balance,
strain, pressure, anemometry, skin friction, acceleration, vibration, temperature,
infra-red, humidity, acoustics, dimensional, voltage, current, resistance,
capacitance, frequency and time. Repair services for the majority of the electronic
and physical instruments required in these facilities shall be accomplished in this
laboratory. This Instrument Calibration Laboratory shall be automated to the
maximum extent possible ranging from control of the calibration standards and
acquisition and analysis of the instrument data to electronic transfer of all
instrument calibration to the major computer used to analyze the wind tunnel data
and to operate the facilities. This laboratory shall function such that the
measurement uncertainty of all wind tunnel measurements shall have traceability.
to accepted national standards or procedures and conform to requirements of
national calibration laboratory documentation such as MIL-STD-4566A and the
International Standards Organization 9000 series.

7160 LSWT Calibration Hardware

An instrumented centerline pipe, mounted to the model support roll mechanism or
the dummy strut, depending on which model cart is being calibrated, and
extending forward to a cable mounting system will be used in the determination of
flow quality. Instrumentation requirements are pressure orifices top and bottom
spaced every six inches, to TS 0.00, and one foot increments through TS -14.0.
The pipe will have the capability to be indexed 0.5 ft axially. Additionally, a rake
that can be mounted to the roll coupling and/or the traversing pitch strut will be
used at various test section stations to further survey the flow quality in the test
section. The rake will have a traversing arm moving normal to the flow from the
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tunnel centerline to within one foot of the wall, with 360 degree roll capability.
The arm will have provisions for simultaneous measurement of local Py, Pg, , ,
dynamic total pressure, Tt, and turbulence. Fixed rakes will also be provided to
measure the average boundary layer properties on each wall.

7170. TSWT Calibration Hardware

An instrumented centerline pipe, mounted to the mode! support roll mechanism or
the dummy strut, depending on which model cart is being calibrated, and
extending forward to a cable mounting system will be used in the determination of
flow quality. Instrumentation requirements are pressure orifices top and bottom
spaced every six inches, to TS -11.0, and one foot increments through the nozzle
throat. The pipe will have the capability to be indexed 0.5 ft axially. Additionally,
a rake that can be mounted to the roll coupling and/or the traversing pitch strut
will be used at various test section stations to further survey the flow quality in the
test section. The rake will have a traversing arm moving normal to the flow from
the tunnel centerline to within one foot of the tunnel walls, with 360 degree roll
capability. The arm will have provisions for simultaneous measurement of local
P, Ps, , , dynamic total pressure, Ty, and turbulence. Fixed rakes will also be
provided to measure the average boundary layer properties on each wall.

7180  Calibration Model (LSWT & TSWT)

The calibration model will be used for initial Low and Transonic Speed Wind

Tunnel checkout and acceptance, and for periodic diagnostics over the life of the
tunnel. The calibration model configuration will be such that an established

database exists for comparison, or there will be a requirement to test the

calibration model in an existing facility to establish a database. The model will
incorporate a moderate level of pressure instrumentation (=200 pressures), a
standard health diagnostic package (including, butnot limited to, accelerometers ~-
and on-board AOA transducers), an internal balance mount and on-board analog-
to-digital processors for all output. The material is assumed to be stainless steel

due because of the expected loads and the duration of expected service.

7190 External Balance Calibrator
This device will provide the ability to calibrate the LSWT and the TSWT external
balances. Definition of the Calibration cannot be made pending external balance

design. Atissue is external balance grounding structure and permanence of the
external balance attachment to the model carts.
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7200 DATA ACQUISITION SYSTEM

7210 Data Acquisition System - Auxiliary System

Equipment provided in WBS 7220 and 7230

7220 Data Acquisition System (LSWT) -
TEST DATA SYSTEMS

TUNNEL PARAMETER DATA SYSTEM - This system acquires data from various
locations around the tunnel circuit. Measurements are predominantly
temperatures, dew point, pressures, and positions needed for test or control
functions. This system acquires the data, computes engineering units and
coefficients, performs some limit checking and alarming, and makes the data
available via high speed networks to the tunnel control and facility management
processors. Trend and historical performance data are archived for later analysis.
Data is also passed to the data acquisition control processor for synchronization
with the test data and for real-time display.

DATA ACQUISITION CONTROL PROCESSOR - This system acquires test
measurements from the test section or a cart bay area and the tunnel parameters
processor. Data is acquired from the test section or cart area via a high speed
fiber optics network from processors on the model cart. Information from the test -
section is synchronized with the tunnel parameter information, reduced to
engineering units and coefficients, and passed through high speed networks to
other data processing, analysis, and control systems. This processor also
provides real-time display to the data acquisition system operator's console. This
processor handles the sequencing of all data acquisition related processes when
commanded by the operator or by the facility management processor and when ..
test conditions are achieved. This processor also alerts the facility management
_processor when data has been acquired so that test conditions can be set for the
next test point.

DATA PROCESSING WORKSTATIONS - These workstations receive test data
for the data acquisition processor via a high speed network. This data is then
processed in near real-time for the test engineer's test console as well as other
stations. Data will be represented though a high end graphical user interface that
will present data in a flexible, easy format that can quickly be changed by the
engineer.

DATA ANALYSIS WORKSTATIONS - These workstations will have high end
graphics capability to provide near real-time quality graphics that can be readily
compared with previous test conditions stored on the data archive file server.
These displays will be located near the test engineer's console and can be

-94-



National Wind Tunnel Complex - Cost Baseline Technical Description
CONC - ONS ecembe 993

networked to the data analysis rooms.

DEVELOPMENT AND SIMULATION - These processors are available to support
development and operations functions without interfering with the daily operations
of the tunnels. Functions that will be supported include data acquisition systems
software development, controls systems software development, simulation,
documentation support, hardware and software system checkout, test preparation,
and software configuration control. One processor will be provided for DAS
support, one for controls, and a small file server for documentation and
administrative services. These computers will also be configured in such a
fashion that they can serve as backup processors for other processors on the
control room network.

DATA ARCHIVE FILE SERVERS - This processor will be the repository for test
data as it is being acquired. Tunnel process control data will also be archived on
a separate server for post test analysis. Previous test configuration data or
theoretical predictions will reside on this archive system so that they may be
called up for analysis and comparison with the current test. Files will be
maintained in a secure environment to provide access only as required. Optical
disk storage will be provided for archiving large volumes for static and dynamic
data, and high speed printers will be provided.

DATA ANALYSIS ROOMS

Two rooms will be provided adjacent to the main control room for use by visiting
test personnel during preparation, testing, and limited post test analysis. Both
areas will be networked to the cart areas, the test section, and the main control
room; however, each data analysis room will be capable of isolation for classified
tests so that only appropriate networks are active to support setup in a model
preparation area or test section. Each analysis foom will have a file server for ~ "
data archiving and analysis as well as several workstations and X terminals to
support real-time data display, and analysis during setup, calibration, and
checkout prior to tunnel entry. Video projection systems will also be provided for
displaying real-time or video from the test section.

COMMUNICATIONS - Since the system architecture uses a tiered, distributed
system approach, communications networks will play a key role during systems
operations. It is anticipated that high speed fiber optics networks will be used
extensively throughout the system. The proposed system will offer support for
LAN/Ethemet 802.3, FDDI, IEEE 488, RS 232/422, reflective memory fiber optic
systems, and other technologies appropriate at the time of construction.

CART INSTRUMENTATION SYSTEMS

TEST INSTRUMENTATION CART - Each test cart contains a completely stand
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alone integrated data acquisition and control system. It is anticipated that the
system will rely heavily on emerging VME, Futurebus, and VXI technology. A
lower level control and data bus will be provided so that various systems on the
cart will have access to the same transducer inputs for control functions as well as
test measurements, where practical. Data will be patched from the model to a
patch panel for easy model setup and checkout. A fiber optics network link will
also be provided to the model for any on-board instrumentation. Signal
conditioning will be provided by this data system or, in some cases, by ancillary
equipment for unique instrumentation. A higher level local area network (LAN)
fiber optics communications bus connects the various processors on the cart to
allow exchange of processed information. The static DAS, the dynamic DAS, and
model attitude control systems will remain as permanent systems on the cart, but
additional systems to provide model engine simulator or high pressure air control,
model surface control, probe control, or acoustic dynamic data acquisition can be
installed as required. When these systems are added to the cart, they are
connected to the data bus and inter-processor LAN communications bus which
aliows them to be integrated and controlled by software. Workstations and X
terminals connect to the LAN to support the cart in the mode! build-up bay area.
All calibration, model attitude, model engine simulator or high pressure air
operation, model surface movement, hook-up and checkout can be accomplished
with the data and control systems on the cart; however, a fiber optics network will
connect the cart to either data analysis room for customer checkout before moving
the cart to the tunnel. Power will be maintained on the cart during movement to
the test section to maintain constant cooling to the analog equipment so as not to
affect calibration coefficients or require a prolonged warm-up period.

TEST STATIC DATA SYSTEM - This system acquires data from the test model,
the model support systems, and other areas adjacent to the test section. Full
software support is included for signal conditioning, system calibration, system
diagnostics, conversion of data to engineering units and coefficients, and driving
of real-time display systems for the technicians during model set-up and
calibration. Appropriate data is also passed to the on-cart model attitude control
system for command and control of the model attitude, model engine simulators,
and model surfaces. This system also synchronizes and controls the electronic
pressure scanning system for acquiring up to 2000 ports of pressure data. Up to
256 channels of analog data will be acquired and 24 channels of digital
information. Digital information will include binary, BCD, Datex code, resolver
inputs, and special instruments requiring RS 232 or |IEEE 488 protocol. When the
cart is moved to the test section, a single X terminal will be used to perform any
required diagnostics through the data processor for final checkout. The cart will
then be connected by a fiber optics LAN to the central control room where
command and control will be conducted during the test.

DYNAMIC PRESSURE DATA SYSTEM - The dynamic pressure data system will
acquire data from up to 80 channels of dynamic pressure instrumentation. It is
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anticipated that this system will have an analog to digital converter per channel
with up to 10 megabytes of buffer ram per channel. Data will be dumped to high
speed 20 Gigabyte removable disks for archiving. The control processor will
support a graphical signal analysis package with the cart and will be controlled
from the central control room during tunnel testing. Each channel will have
programmable gain and filter settlng with appropriate signal conditioning for the
transducers. The system will acquire data at up to 100 KHz per channel.

HOT WIRE ANEMOMETRY DATA SYSTEM - This system will record data from
special signal conditioners utilizing constant temperature and constant current
controllers for hot wire and hot film sensors. In addition, 24 channel of ‘
microphone data will also be provided. This system is used to measure hot wire
and hot film anemometry instrumentation mounted directly on the model or in the
tunnel air flow areas. One complete system will be provided for each cart for both
the LSWT and the TSWT. The system is composed of the following components:

Sensors : _
Surface Mounted Hot Film Anemometer CTA System
Hot wire/Film Probe Anemometer CTA/CCA System
Signal Conditioner AC/DC Splitter

Static DAS (for reading DC component)

Transient Data Recorder(TDR) DAS 100 KHz
Transient Data Recorder(TDR) DAS 1.25 MHz
Anemometer DAS CPU

Anemometer DAS Workstation

Sensors - Two types of sensors are used, the constant temperature
anemometer(CTA) and the constant current anemometer(CCA) hot wire
probes and hot film. In addition, 24 microphones will be employed to
acquire acoustic data at rates upto 100 KHz.-~ -~ - :

Surface Mounted Hot Film Anemometer CTA System - The sensing units
are powered and signal conditioned by a multi-channel anemometer system
which provides computer control of calibration, gain, offset, and filtering.
The output signal bandwidth is DC to 40 KHz and the output amplitude is 5
to 15 VDC and 1 to 750 millivolts AC.

Signal Conditioner AC/DC Splitter - The analog output signals from the
anemometer system are input to the signal conditioner units. These multi-
channel units buffer the incoming signal to two outputs. One output is AC
coupled and one output is DC coupled. The AC coupled output amplifier will
block the DC signal component and provide selectable gain to drive the
maximum of 10.24 volts into the TDR. The DC coupled output amplifier will
provide both gain and attenuation settings to drive or limit the maximum
signal of 10.24 volts into the Static DAS.
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Anemometer Static DAS - The Static DAS system consists of 80 channels of
voltage inputs from the signal conditioner AC/DC splitter units. The Static
DAS has programmable low pass filter and auto-ranging gain capability.
The selectable filters will filter out the AC component of the anemometer
signal. The channels, gains, and filter selection will all be contained in a
scan table that resides in the DAS unit. The scan rate will also be
programmable. The unit will provide self calibration and correction
capability.

Transient Data Recorder (TDR) DAS 100 KHz - The TDR provides high
speed sampling and recording of multiple analog inputs at data rates up to
250 KHz. Sampled data are stored in 10 MB of on-board DRAM for each
analog channel. The data is off loaded between runs through a high speed
data bus and to disk. The unit features a 16 bit analog to digital converter
with input gain and low pass filtering. Unit calibration is accomplished using
an external voltage calibration standard. Software and hardware features
support system calibration. Several methods of triggering will be available,
including program control, external logic signal, and analog level detection
on one channel. Twenty four additional channels will be provided to acquire
microphone data.

Transient Data Recorder(TDR) DAS 1.25 MHz - The TDR provides high
speed sampling and recording of multiple analog inputs at data rates up to
1.25 MHz. Sampled data are stored in 10 MB of on-board DRAM for each
analog channel. The data is off loaded between runs through a high speed
data bus and to disk. The unit features a 16 bit analog to digital converter
with input gain and low pass filtering control. Unit calibration is
accomplished using an external voltage calibration standard. Software and
hardware features support system calibration.. Several methods of-triggering
will be available, including program control, extemal logic signal, and analog
level detection on one channel.

Anemometer DAS CPU - The Anemometer DAS CPU will act as the host for
controlling the data acquisition with the Anemometer Static DAS, the TDR
100 KHz and the TDR 1.25 MHz. The calibration calculations and
engineering units conversion will also take place in the DAS CPU. The DAS
CPU will put the converted data out on the local area network as well as
storing it on a local hard disk. A graphical user interface package will be
provided to control the acquisition process.

Anemometer DAS Workstation - The DAS workstation will act as the:
operator interface for the entire anemometer system. The local area network
will provide the link between the anemometer DAS CPU and the workstation.
The programming and scan list creation, scan initialization, synchronization
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